MAGNETIC EFFECT OF CURRENT AND 
MAGNETISM 


The branch of physics which deals with the magnetism due to electric current or moving charge (i.e. electric 
current is equivalent to the charges or electrons in motion) is called electromagnetism. 


Magnetic Field 


A region of space near a magnet, electric current or moving charged particle in which magnetic effects 
are exerted on any other magnet, electric current, or moving charged particle. It is also known as magnetic 
flux density or magnetic induction or magnetic field. 


Unit : SI : weber/(meter)? or tesla (T) C.G.S. : gauss (1 Tesla = 10^ gauss) Dimensions : [MT?A-!] 
OERSTED'S DISCOVERY AND BIOT-SAVART LAW 
Oersted Discovery 


The relation between electricity and magnetism was discovered by Oersted 
in 1820. Oersted showed that the electric current through the conducting 


wire deflects the magnetic needle held near the wire. 


When the direction of current in conductor is reversed then deflection of 
magnetic needle is also reversed. 


On increasing the current in conductor or bringing the needle closer to the 


conductor, the deflection of magnetic needle increases. 
Oersted discovered a magnetic field around a conductor carrying electric current. Other related facts are as follows: 
A magnet at rest produces a magnetic field around it while an 


electric charge at rest produce an electric field around it. 


A current carrying conductor has a magnetic field and not 
an electric field around it. On the other hand, a charge 
moving with a uniform velocity has an electric as well as a 
magnetic field around it. 


All oscillating or an accelerated charge produces E.M. waves 


also in additions to electric and magnetic fields. Oersted's experiment. Current in 
the wire deflects the compass needle 


Current Element 

A very small element ab of length d£ of a thin conductor carrying 
current is called current element. Current element is a vector 
quantity whose magnitude is equal to the product of current and 
length of small element having the direction of the flow of 


current. 

Biot - Savart's Law 

With the help of experimental results, Biot and Savart arrived at a mathematical expression that gives the 
magnetic field at some point in space in terms of the current that produces the field. That expression is based 


on the following experimental observations for the magnetic field dB at a point P associated with a length 


element d/ of a wire carrying a steady current I. 


1 Id/'sino Id/sino 
dB 1, dB «dé, dB x sind and dB x -> > dB x > B= 3 F 


Txm 


where uọ/4r = constant = 10-7 , Ug is permeability constant of free space. 
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Vector form of Biot-Savart's law 


dB » r rene ñ 
gi = PE [^ Id? x? = (Id/) (sino à] 
4n r 


Magnetic field lines (By Michael Faraday) 


n -unit vector perpendicular to the plane of (Id? ) and (Y ) 


In order to visualise a magnetic field graphically, Michael faraday introduced the concept of field lines. 
Field lines of magnetic field are imaginary lines which represents direction of magnetic field continuously. 


Direction is 
not constant 


Magnitude is 
not constant 


Both magnitude 
and direction are 
not constant 


Uniform Field 


Both magnitude 
and direction are 
constant 


e Magnetic field lines emanate from or enters in the surface of a magnetic material at any angle. 
e Magnetic field lines exist inside every magnetised material. 
e Magnetic field lines can be mapped by using iron dust or using compass needle. 
2. SPECIAL THUMB RULES 
2.1 Right Hand Thumb Rule 
This rule gives the pattern of magnetic field lines due to current carrying straight and circuler wire. 
(i) Straight current : Circular current : 


Thumb — In the direction of current 
Curling fingers — Gives field lines pattern 


Case I : wire in the plane of the paper:- 


(See from top) 


m 


`, 


`, 
`s 
“seen beet” 


ACW, concentric & 
circular field lines 


CW, concentric & 
circular field lines 


Case II : Wire is L to the plane of the paper:- 


T. 
of ^. 


oO .-—-. 
E 
"d ik 


x, Dd 
~, - 
Seem nene™ 


ACW, concentric & CW, M & 
circular field lines circular field lines 


Curling fingers —> In the direction of current 
Thumb — Gives field line pattern 


Case I : wire in the plane of the paper 


ACW CW 
(2B &B 


Towards observer or Away from the observer 
perpendicular or perpendicular 
out-wards inwards 


Case II : Wire is L to the plane of the paper 


ACW CW 
S N N S 


Towards observer Away from the observer 
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2.2 Right Hand Palm Rule (By Flemming) 


This rule gives the direction of magnetic field vector at a point due to current carrying straight wire. 


Case I :- Wire is in the plane of the paper :- (knock-knock rule) 


(4) or outward (-) or inward 
current current 


APPLICATION OF BIOT-SAVART LAW : 


Magnetic field surrounding a thin straight current carrying conductor 
(Derivation is Only for Board Purpose) 


AB is a straight conductor carrying current i from B to A. At a point P, whose 
perpendicular distance from AB is OP =a, the direction of field is perpendicular 
to the plane of paper, inwards (represented by a cross) 


é=atan0 => dí-a sec? 0d0 ...(i) 
0—907*-0 & r-asecO 


By Biot-savart's Law 


dB - Mo tire & (due to a current element id/ at point P) 
B (Ho idésina : o ol DH 
=> B- [dB =| 4x p (due to wire AB) .. B= 4i. [cos 


Taking limits of integration as —$, to 9, 


; d F . 
= tol -Biring = Hol rg "-—- 
B- 2 I cos 0d0 = TE [sind |’ buo [sin 9; + sing, ] (inwards) 


GOLDEN KEY POINTS 


Ho Idéxr 
4n D oC 


vectors (Id) and (f ), where plane of (Idż) and (t ) is the plane of wire. 


According to dB = direction of magnetic field vector (dB) is always perpendicular to the plane of 


Magnetic field on the axis of current carrying conductor is always zero (020? or 0 = 180?) 

Magnetic field lines are closed curves. 

Tangent drawn at any point on field line represents direction of the field at that point. 
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e Field lines never intersects to each other. 


. At any place crowded lines represent stronger field while distant lines represents weaker field. 
° In any region, if field lines are equidistant and straight the field is uniform otherwise not. 
. When current is straight, field is circular. 
. When current is circular, field is straight (along axis). 
. When wire is in the plane of paper, the field is perpendicular to the plane of the paper. 
° When wire is perpendicular to the plane of paper, the field is in the plane of the paper. 
Illustrations 
Illustration 1. 
oo 
Find magnetic field due to infinite length wire at point 'P'. l 90° 0, = 90% 
M [4-77 *P 
Solution 6, = 90% 
ee d el 
B, = gg lsin90° + sin907 es 
B, = 
Illustration 2. T 
| 
Find magnetic field due to given wire at point 'P'. | 
gg» 9,790" 
Solution M sa Oral 
Ti 
Mol , . ; o NUNT dem = 
P^ 4nd [sinO + sin90?] 
Hol 
B, = 4nd 


Illustration 3. 


Find magnetic field due to semi infinite length wire at point 'P'. 


Solution 


Hol 


4nd 


[sinO? + sin90*] 
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Illustration 4, 
Find magnetic field due to finite length wire at point 'P’. 
Solution 


I 
B aut sino 


B,- Pol (nO? + sind] ;B 
P^ 4nd > "P ^ 4nd 


Illustration 5. 
If point ‘P’ lies out side the line of wire then magnetic field at point ‘P’ will be : 


Solution 


B, - 


Hol F., mi 
asi Sin (90 o, ) - sin(90 2) |= ggs cosa.) 


Illustration 6. 


Same current i is flowing in three infinitely long wires along positive x, y and z directions. The magnetic field 
at a point (0, 0, —a) would be 


Solution : 
Point (0, 0, —a) lies on z-axis, therefore magnetic field due to current along z-axis is zero and due to rest 


I 
two wires is Du in mutually perpnedicular directions along positive y direction and negative x direction. 


BEGINNER'S BOX-1 


1. A proton moves along horizontal line and towards observer, the pattern of concentric circular field lines of 
magnetic field which produced due to its motion :- 


(1) ACW, In horizontal plane (2) ACW, In vertical plane 
(3) CW, In horizontal plane (4) CW, In vertical plane 


2. An electron moves along vertical line and towards observer, the pattern of concentric circular field lines of 
magnetic field which is produced due to its motion :- 


(1) ACW, In horizontal plane (2) ACW, In vertical plane 
(3) CW, In horizontal plane (4) CW, In vertical plane 


3.  Acurrent is flowing in electricity line towards north, the direction of magnetic field at a point which is just 
below the line :- 


(1) towards north (2) towards south (3) towards east (4) towards west 


4. A current is flowing in a vertical wire in downward direction, the direction of magnetic field of a point which 
is just right side to the wire :- 


(1) towards north (2) towards south (3) towards east (4) towards west 
5. | An equilateral triangle of side 'a' carries a current T. p 


Magnetic field at point 'P' which is vertex of triangle. :- 1 


Hol Hol (or 263 
—| — —| ——|®@ 
(D Sra ^ €? ofan Makra?” | 2 ma K—— - — 
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Magnetic field at point 'P' due to both infinite long current 


carrying wires is :- 


5A 25A ep 
5 
q) 2e (2) e 
Tt Tt «— im ; a 
9Ho Ho 
9 6n * (4) on 


Magnetic field at point 'P' due to given current distribution is :- 


Hol Hol 
(1) $2 (1+V2)}o (2) 2° (1+v2)o 
Lol Lol 
(3) $2 (1+V2)e (a) $2-(1+2)@ 
Magnetic field at origin 'O' due to given current ies 
distribution is :- | i 
[ 
l 
Hol Hol ais NEN ----- ---xaxi 
EET Ei. Et ® X axis 
(1) 2nd ud (2) 2nd i I 
[ 
i<—d —-— d— 
| 
n Hol | | 
(3) and 0) and ' 
A square loop of side 'a' is made by a current carrying p 


wire. Magnetic field at its vertex 'P' is :- 


Hol Hol 
(1) 242na (2) 242na 
— — 
I I 
(3) 2/299 @ (4) 2/2 **- o 
Ta Ta 


Two long parallel wires carry i and 2i current in same direction. Magnetic field just between the wires 


is 'B'. If 2i current is switched off then magnetic field at the same point is :- 


(1) 2B (2) B (3) B/2 (4) J2B 
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11. Two infinite length wires carry equal current and placed along x and y axis respectively. At which points 
the resultant magnetic field is zero ? 


Ie— a —> | 


(1) A, B (2) B, D (3) A, C (4) C, D 
12. For given current distribution, each infinite length wire produces magnetic field 'B' at origin then resultant 
magnetic field at origin 'O' is :- 


(1) 4B (2 J2B (3 2/2 B (4) zero 
13. The position of point from wire 'B', where net magnetic field is zero due to following current distribution. 

A B A B 

a= ea EE ©------ (b) nee MEM ®------ 
5I 2I 5I 2I 
«4— — 6cm — «4— —— — 6 cm — 

(1) 6/7 cm (2) 12/7 cm (1) 4 cm (2) 2 cm 

(3) 18/17 cm (4) 16/7 cm (3) 8 cm (4) 12 cm 


14. 
(a) Equilateral triangle : (o) Square : 


New Delhi - 110074 
9810934436 , 8076575278 , 8700391727 


3.2 


3.3 


3.4 


Magnetic Field at the Centre of Current Carrying Circular Loop and Coil 
(a) Circular loop :- (N = 1) 


- Hol 
° 2R 
(b) Circular coil :- (N > 1) 
NI 
B, = E , Where N number of turns in coil 


Magnetic field due to a loop of current 


Magnetic field lines due to a loop of wire are shown in the figure 


The direction of magnetic field on the axis of current loop can be determined by right hand thumb rule. 
If fingers of right hand are curled in the direction of current, the stretched thumb is in the direction 
of magnetic field. 


Magnetic field at the centre of current carrying circular arc | mum 
| a oon A. 
la a I 
B E Ho | 4 PE. 
^  4nR x if 
ae R 
B, ; ; : Hol yf 
Ba = a Where a. is always in radian and B, = 55 V f 
MEVS 2R of | 


Magnetic Field at the Centre of Current Carrying Loop 
(i) Wire of circuit loop is uniform : 
Magnetic field at the centre of arc abc and adc is 


B. = Hol; o 
abc 4nr Bare = Io, (1) 
B 7 Uploas Box my n 
adc Amr 
7 arc length a A 
- angle = Radius > ae = i Hee (2) 
1 
Vz-zIRSI«— I , 
and ? R EX dh pun (3) 
R=% >Real 4 
A 
put the value of (2) & (3) in (1) 
Bis 2 (2) d Ba _ 1 
Ba (4J M = Ba 1 
e Magnetic field produced by both the arc is at the centre of the circuit loop is equal in magnitude 


and opposite in direction, So (B), = 0 (always and it is free from angle of connection of terminals) 


net 
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3.5 


(ii) Wire of circuit loop is non uniform : 
Case I: Thickness —> Same, Material ——> different :- 


Magnetic field at the centre of arc abc and adc is - 


Hol; Hole 
B,. = 4r &, Ba = 4r © 


Both arc connected in parallel with source, so V = IR = constant 


1 
lap > Ra, > RA > Ia, < IA. 


Net magnetic field at centre 


(Bo)net = ree) ® (where I, > L) 


Case II: Thickness —— different, Material —— same :— 


Magnetic field at the centre of arc abc and adc 


_ Holi _ Hole 
B= » Ba = a © 


Both arc are connected in parallel with source, so 


L 
V = IR = constant and resistance of wire R = 
I 1 R 1 
a R ....(1) a A ....(2) From (1) & (2) | [a A => lna > Ls, 


Net magnetic field at centre 


(Bonet = rii & (where I, > 1) 


Magnetic Field at axial point of the current carrying circular coil 


magnetic field at axial point 'P' given by :- 


2 
HoNIR : R 
B, =—————5 -B. sin?0where Sin0 = ———— 2 2 
3/2 centre ^ r=x + R 
2x? + R^) i R? +x’ R. 
Ni T 
i 
At the centre, x-0, B, =" 5X 
centre 2R k 
axis of 
At points very close to centre, the coil 
373 (y-z plane of coil) 
uN a x?) _woNif,_ 3x” 
x<<R > B= = + - ie 
2R R? 2R 2R? 
Ni 2xR? 
At points far off from the centre, x>>R = B= e : à 
T X 
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B-x curve :- 


(a) It is symmetrical about the centre of coil (x = 0) 


Points of inflexion 
(b) (P, Q) points t Points of curvature change 


R72 O R72 


Points of zero curvature «— -x (x=0) x — 
(centre) 


(d) Points of inflexion are R/2 distance from the centre of the coil. 
(e) Separation between points of inflexion is equal to radius of coil (R). 
(f) Application of point of inflexion is "Helmholtz coils arrangement". 


Helmholt'z coils arrangement 


(uniform magnetic field 
of short range Buo) 


M 
OR R/2 he 


IM mM 


This arrangement is used to produce uniform magnetic field of short range. 
It consists :- 


Two identical co-axial coils (N, I, R same) 

Placed at distance (center to center) equal to radius ('R') of coils 
Planes of both coils are parallel to each other. 

Current direction is same in both coils (observed from same side) 
otherwise this arrangement is not called "Helmholtz coil arrangement". 


GOLDEN KEY POINTS 


Magnetic field at the centre of any geometrically symmetrical circuit loop (which is made by uniform wire) 
is always zero 
Examples : 
(a) Circle 


Q 


g 
ag 


(b) Square 


(c) Equilateral triangle 9 (d) Cube o | 
P di 
| ow” EL 
o D 
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rias. 


Illustrations 


Illustration 7. 
For the arrangement made up of two identical coils as shown in figure, determine the magnetic field at the 
centre O. 

Solution 
The two coils are perpendicular to each other. Coil 1 produce field along X axis and coil 2 produce field 
along y axis. thus the resultant field will be 


B = 4B B; 
B 


making an angle 0 from x-axis tan0 = a 
1 


B, Y 


For identical coils, B, = B, ; B SEDES 
a 


and hence 0 = 45? 


Illustration 8. 
The magnetic induction at the centre O is ? 


Solution : 


EPIIT 
8a 8b 


Illustration 9. 


A wire is bent in the form of a circular arc with a straight portion AB. Magnetic induction at O when current 
I flowing in the wire, is ? 


Solution : 


Hol ; 
d 2sin@ 
Pas = gog on 


Hol 
2nr 


But OC = rcos0 or Bap = tan 


Magnetic field due to circular portion, 


zm). Hol (x — 0) 


AB 2r\ 2r 2nr 
I I I 
Total magnetic field = Po tango + Fo (m-0)= Po Ttan 0+7-0] 
2nr 2nr 2nr 


Illustration 10. 
A long wire bent as shown in the figure carries current I. If the radius of the 


semi-circular portion is "a" then find the magnetic induction at the centre C. 
Solution 


Due to semi circular part B, = Fo (i) 


4a 
due to parallel parts of currents B, 22x Hol (-k) B „= B. = B, +B, = holi Hol k) 
27 4ra , net E 1 2 4a 271a 
I 
magnitude of resultant field B „= JB? +B? = ie m +4 
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(i) 


(ii) 


(iii) 


(iv) 


(v) 


BEGINNER'S BOX-2 


The magnetic field at the centre of a circular coil of radius r carrying current is B,. The field at the centre of 


r 
2 
(1)1:2 (2)2:1 (3)1:1 (4)4:1 


A circular coil of one turn in formed by a 6.28m length wire, which carries a current of 3. 14A. The magnetic 


another coil of radius 5 carrying same current is B, then ratio of B,/B, is :- 


field at the centre of coil is :- 

(1) 1 x 105 T (2) 4 x 105 T 

(3) 0.5 x 105 T (4) 2 x 105 T 

A lenath of wire carries a steady current, is bent first to form a plane circular coil of one turn, same length now 
bent more sharply to give three turns of smaller radius. Magnetic field becomes :- 

(1) 3 times (2) 1/3 times (3) 9 times (4) unchange 

Two concentric coplanner coils of equal turns have radii 10 cm and 30 cm respectively. Same current flowing 


in both the coils in same direction. Now direction of current is reversed in one coil then ratio of magnetic field 
at their common centre in two conditions respectively :- 

(1)2:1 (21:2 (3) 1:1 (4)4:1 

Two concentric coplanner coils of turns n, and n, have radii ratio 2 : 1 respectively. Equal current in both the 
coils flows in opposite direction. If net magnetic field is zero at their common centre then n, : n, is :- 


(1)2:1 (2)1:2 (3)1:1 (4)4:1 
Find out magnetic field at point 'O' for the following current distributions. 


(a) --- (b) 
(a) (b) 
(a) i 7 (b) 
I 
(b) 
(a) (b) 
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(vi) (a) 


v60% R 
7. Magnetic field at point 'O' due to given current distribution. If 5A current is flowing in 
this system and the diameter of the loop is 10cm. 5A 
(1)2 x10°T, ® (2) 10°T, © 
5A 
(3) 10°T, & (2x105T,0 .J m. — 
8. Figure shows a circular loop with radius 'r'. The resistance of arc ABC is 


5Q and that of ADC is 100. Magnetic field at the centre of the loop is :- 


Hol Hol Hol Hol 
DO e Do € TO. Eve 
(1) 6r (2) 12r (3) 12r = (4) 6r 9 
9. Radius of current carrying coil is 'R'. If fractional decreases in field value with respect to centre of the coil for 


a near by axial point is 196 then find axial position of that point. 


4. AMPERE'S CIRCUITAL LAW 


Ampere's circuital law states that line integral of the magnetic field 


E 


around any closed path in free space or vacuum is equal to pọ times 


ACW 
circulation 


of the net current or the total current which is crossing through the area 
$ Positive 
XI-(l- LL) & Negative 


bounded by the closed path. Mathematically $B . dé = jigzl 


This law is independent of size and shape of the closed path. 
Any current outside the closed path is not included in writing the right hand side of the law. 
Note : This law is suitable for infinite long and symmetrical current distribution. 


Application of Ampere's circuital law 


4.1 Magnetic field due to infinite long thin current carrying straight conductor 


Consider a circle of radius 'r'. Let XY be the small element of length d£. B and d are in the same direction 


because direction of magnetic field is along the tangent of the circle. By A.C.L. 


$B .di -u,Xl.$Bdécos0-u,I (where 0 = 09 


$B dl cos0? =p, I > BÓ dé=u, I (where $dr-2nr) 


B (2n) = pol > B em 


Tr 


XY 
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GNI, 
e d 
3l 


4.2 Magnetic field due to infinite long solid cylindrical conductor 


e For a point inside the cylinder r < R, Current from area 1R? = I 
I 2 Ir? 
2- nr) = — 
so current from area nr TR? (nr) RZ 


By Ampere circuital law for circular path 1 of radius r 


, Ir? Holr 
Bin (27r) = ul = po Rè Bn = mR? 77 Bin œr 
e For a point on the axis of the cylinder (205 B,44-0 
e For a point on the surface of cylinder (r = R) 


By Ampere circuital law for circular path 2 of radius R 


I 
B,(2x R) = pug => B, - a (it is maximum) 
° For a point outside the cylinder (r > R) - 
By Ampere circuital law for circular path 3 of radius r 


_ Hol 1 
2nt Bout ° r 


Bout (2 T r) = Lol Bout 


Magnetic field outside the cylindrical conductor does not depend upon nature 
(thick/thin or solid/hollow) of the conductor as well as its radius of cross section. 


4.3 Magnetic field due to infinite long hollow cylindrical conductor 
e For a point at a distance r such that r«a«b B, =0 


e For a point at a distance r such that a < r < b 


; Pew 
B4(2nr) =u l! > B4(2nr) = zi | 


b? -a? 


oa Axis 
Side View 


r = a (inner surface) > B, = 0 


r = b (outer surface) > Bos = = (maximum) 


Cross sectional 


view 
I 
e For a point at a distance r such that r > b > a, B4 (2nr) = ul B, = 2 
e For a point at the axis of cylinder r=0 Buxis = 0 
4.4 Magnetic field at specific positions for thin hollow 
cylindrical conductor ae 


At point 1 B, = 0 (for the point on axis B4, =0) 


] mi 
At point 2 By = 2zR 
] Hol 
At point 3 B4 = Fnr 
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GOLDEN KEY POINTS 


Magnetomotive force (M.M.F.) 


As  $B.di- pH, where B-ujH, hoH . dê =p > PH. di -xl 
The line integral of magnetising field around any closed path is equal to net current crossing through the area 


bounded by the closed path, also called 'magnetomotive force. Magnetomotive force (M.M.F.) = pH. dé 


Illustrations 
Illustration 11. 
A long straight solid conductor of radius 5 cm carries a current of 3A, which is uniformly distributed over its 
circular cross-section. Find the magnetic field induction at a distance 4 cm from the axis of the conductor. 
(Relative permeability of the conductor = 1000). 
Solution 
MoH, Ir 
2nR? 


7 
B- 4nx10^* x 1000 x 3x 0.04 29.6 x10? T. 


2n x (0.05) 


(inside the solid conductor) 


BEGINNER'S BOX-3 


1. A solid cylinderical wire of radius 'R' Carries a current T. The ratio of magnetic fields at points which 
are located at R/2 and 2R distance away from the axis of the wire :- 


(1) 1:1 (2) 1:2 
(3) 2:1 (4)1:4 


2. A solid cylinderical wire of radius 'R' carries a current T. The magnetic field is 5uT at a point, which is '2R' 
distance away from the axis of wire. Magnetic field at a point which is R/3 distance inside from the surface 
of the wire is :- 


10 20 5 40 
—gT —yT —uT — pT 
() >H 2) Su (3) 2H (4) Su 
3. A hollow cylinderical wire carries a current I, having inner and outer radii 'R' and 2R respectively. 


Magnetic field at a point which 3R/2 distance away from its axis is :- 


SH! Hol Spol Spol 
(1) 18xR (2) 362R (3) 362R (4) 9nR 
4. A long, straight and solid metal wire of radius 2mm carries a current uniformly distributed over its circular 


cross section. The magnetic field at a distance 2 mm from its axis is B. Magnetic field at a distance 
1 mm from the axis of the wire is :- 
(1)B (2) 4B (3) 2B (4) B/2 

5. A long straight wire (radius = 3.0 mm) carries a constant current distributed uniformly over a cross section 
perpendicular to the axis of the wire. If the current density is 100 A/m2. The magnitudes of the magnetic 
field at (a) 2.0 mm from the axis of the wire and (b) 4.0 mm from the axis of the wire is :- 


9 S £ 
(1) 2n x 10-8 T, A x10?T (2) 4n x 10-8 T, 5x10 ST 
9 E 9 E 
(3) 4x x 10-8 T, 5 x10?T (4) x x 10-4 T, A x10?T 
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4.5 Magnetic field due to solenoid 


Finite length solenoid : 


It is a coil which has length and used to produce uniform magnetic field of long range. It consists a conducting 
wire which is tightly wound over a cylinderical frame in the form of helix. All the adjacent turns are electrically 
insulated to each other. The magnetic field at a point on the axis of a solenoid can be obtained by superposition 
of field due to large number of identical circular turns having their centres on the axis of solenoid. 


Magnetic field due to a long solenoid (Derivation Only for Board) 


A solenoid is a tightly wound helical coil of wire. If length of solenoid is large, as compared to its radius, 
then in the central region of the solenoid, a reasonably uniform magnetic field is present. Figure shows a 
part of long solenoid with number of turns/length n.We can find the field by using Ampere circuital law. 


$ B.dé = ui 


ABCD 


Consider a rectangular loop ABCD. For this loop 


Now $ Badi = $Bdr« $ Bdr« $Bdr« $Bdr-Bxa 
AB BC CD DA 


ABCD 


This is because Bd = $ B.dr =0,Bi de. 
AB 


CD 


And, $ Bde -0(- B outside the solenoid is negligible) 
DA 


Now, Xi = (nxa)xi =>Bxa=p,)(nxaxi)>B = mni 


Its length and diameter are comparable. 


(uniform) 


nl 
By the concept of BSL magnetic field at the axial point 'P' obtained as : Bp = E (cos0, — cos0;) 


Angle 0; and 05 both measured in same sense from the axis of the solenoid to end vectors. 


Infinite length solenoid : 


Its length very large as compared to its diameter i.e. ends of solenoid tends to infinity. 


Magnetic field at axial point which is well inside the solenoid 


o mel o o 
0, = 0° and 0,2 180° >B = 2 [cos 0? - cos 180°] = 


ponl 
2 


(1) - €1)] =ponl 


Magnetic field at both axial end points of solenoid 


| 
0, = 90° and 0, = 180° > B A [cos 90? - cos 1807] = t (0) - 2] E 
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4.6 Magnetic Field Due to Toroid 


A toroid can be considered as a ring shaped closed solenoid also called end less solenoid. Magnetic field inside 
a toroid by A.C.L. given as :— 


B= Lon 


N 
Where n => turn density = (zx 


N — total number of turns. 


R} zu) 


Ran = mean radius of toroid = 2 


R,; & Ro => internal and external radius of toroid respectively. 


GOLDEN KEY POINTS 


e Solenoid normally taken as infinite long (¢ >>>> R) 
e Magnetic field produced by solenoid does not depend on its radius of cross section (or average diameter) 
e Maxwell's solenoid rule :- This rule is used to find out polarity of solenoid. 
N Current N S S N 
gi j axis of axis of 
(Right hand) solenoid solenoid 
e Magnetic field produced by solenoid is directed along its axis. 
e Magnetic field inside the solenoid is uniform. 
e Magnetic field outside the volume of the solenoid approaches to zero. 
e Magnetic field and its variation with distance along the axis of finite length solenoid shown in figure below. 


O 


e Magnetic field produced by a toroid is directed along its circular axis and constant in magnitude over its 
entire cross section. 


e Magnetic field outside the volume of toroid is always zero. 
e Magnetic field at the centre of toroid is always zero. 
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Illustrations 
Illustration 12. 


The length of solenoid is 0.1m. and its diameter is very small. A wire is wound over it in two layers. The 
number of turns in inner layer is 50 and that of outer layer is 40. The strength of current flowing in two 
layers in opposite direction is 3A. Then find magnetic induction at the middle of the solenoid. 


Solution 


Direction of magnetic field due to both layers is opposite, as direction of current is opposite, so 


N N 
Bret = B, - Bo = nugnil, - nonob = po 7! = Ho PX ("2Lb-l 
I 4n x 107 x3 
= Ho (N, N3) = zT E (50 40) = 127 x 105T 


4 0-1 


Illustration 13. 
A closely wound, solenoid 80 cm. long has 5 layers of winding of 400 turns each. The diameter of the 
solenoid is 1.8 cm. If the current carried is 8.0A. Estimate the magnetic field 
(a) Inside the solenoid (b) Axial end points of the solenoid 

Solution 


(a) Magnetic field inside the solenoid 
4r x 107 x2000 x 8 
(80 x 10?) 


= 8x x1lO*T 


in 


B, = ponl = m 1, (N=400x 5= 2000) = 
£ 


I -3 
(b) ^ Magnetic field at axial end points of solenoid B, 4. = Rm Stee 4n x103 T 


ends 2 2 
Illustration 14. 


A straight long solenoid produces magnetic field 'B' at its centre. If it is cut into two equal parts and same number 
of turns are wound on one part in double layer. Find magnetic field produced by new solenoid at its centre. 


Solution 
Magnetic field produced by a long solenoid is B = unl, where n = N/Z 


Same number of turns wound over half length 


N HNI 
-. Magnetic field produced by new solenoid is B' = uj 172 I22 , =2B 


Illustration 15. 
Find out magnetic field at axial point ‘P’ of solenoid shown in figure 
(where turn density ‘n’ and current through it is I) 

Solution 


Magnetic field at point ‘P’ due to finite length solenoid 


I 
Bp = [cos 0; — cos 0j], where 0, = 30° (CW), 

o onl o o 
0, = (180-609) = 120° (CW) = 2 [cos 30?-cos 120] 

unl | y3 ( 1 unl 

= wal | (-2)| - thus en 
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Illustration 16. 


A toroid has a core (nonferromagnetic) of inner radius 25 cm and outer radius 26 cm around which 3500 
turns of a wire are wound. If the current in the wire is 11 A, what is the magnetic field : (a) Outside the 
toroid (b) Inside the core of the toroid (c) In the empty space surrounded by the toroid. 


Solution : 


We are given that, mean radius of the toroid, i.e., 


DEA 
T mans OH De ian c OB 


total number of turns, N = 3500 


current through the toroid, I = 11 A 


Clearly number of turns per unit length of the toroid, 


N 3500 
2m 2nx0.255 


n= 


(a) Magnetic field outside the toroid is zero as it non-zero inside its core. 
(D | Magnetic field inside the core of the toroid, i.e., 


3500 


—— — ——— |x 11 = -2 
ons" ll dios i 


B = pnl = [eso 


1 
Note : Inside the toroid, B « p The above value of B corresponds to mean radius 25.5 cm. 


(c) In the empty space surrounded by the toroid, B = 0 


BEGINNER'S BOX-4 


1. State the following statements are true or false : 
(a) The magnetic field inside straight solenoid of finite length is always less than onl. 


(b) The magnetic field of an infinitely long ideal solenoid of radius ‘R’ carrying current I is constant inside 
and zero outside. 


2. Two identical long solenoids X and Y carries equal current. The magnetic field produced at their axial mid 
point is B. If both the solenoids joined to each other according to figure. Find magnetic field at axial mid 


point of new solenoid. 


B B 
| X | + | Y | > { (2N, 24) | 
(N,4) (N,4) 


3. Three identical long solenoids P, Q and R connected to each other as shown in figure. If the magnetic 
field at the centre of P is 2.0 T, what would be the field at the centre of Q ? 
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rixas. 


5.2 


5.3 


MOTION OF CHARGE IN MAGNETIC FIELD 
Magnetic Force on Moving Charge 
Consider a charge q moving with velocity 9 in uniform magnetic 


field B such that 7 makes an angle 0 with B , then magnetic force E 


B (uniform field) 


experienced by the charge is given by |F, -q(v x B) (a m) 


Motion of a Charge Particle in Uniform Transverse Magnetic Field 


When a charge +q projected in uniform transverse magnetic field (0 = 90°, v L B) then maximum magnetic 
force of constant magnitude always acts perpendicular to its direction of motion so the charge moves along 
circular path and required centripetal force provided by the magnetic force. 


Magnetic force on moving charge given as "ES 


x QB 
= "D v 
= x x 
F, = qvB sin90° (0 = 90°, V LB) 2F,-quB —  .. (1) 
x x x x x 
mv? 
Centripetal force on moving charge given as Fo E .... (2) 
r 


Where ‘m’ be the mass of charge and ‘r’ be the radius of circular path from (1) & (2) 


mv? 


F =F quB = 


Radius of circular path (r) :- Radius of circular path of charge in uniform transverse magnetic field given as 


mv p wX2mE, J2mqV. 1 = 


r 


B qB qB qB qB B q 


Time period (T) :- Time period of charge particle of a circular motion in uniform transverse magnetic 
field given as 


2nr mv Qn | mv T- 2xnm qB 
qB) ^7 


=> — s E = — Qo = — 
T E and r B So T 7 qB & 


Kinetic energy of charge :- 


1 (s p. GBA? 
2n m = K 2m 


Motion of Charge in Uniform Magnetic Field At an Acute / obtuse Angle 


Br 
Ex = 2 mv, where v = E > Ek- 


Consider a charge 'q' of mass 'm' moving with velocity y at an angle 0 with the directon of magnetic field 
B . In this situation resolving the velocity of charge along and perpendicular to the field, we find that the 
particle moves with constant velocity vcos0 along the field (along x-axis) and at the same time it is also moving 
with velocity vsin® perpendicular to the field due to which it will describe a circle in a plane perpendicular 
to the field (y-z plane) so in the combined effect of both the component of velocity, charge will move along 
‘helical path' and the curve is called ‘helix’. 


^ y axis 
I 


«i 


0 
-> 
(q.m) - ge 
vw,7-vcos0 B SENE 


(uniform) 
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5.4 


5.5 


Axis of helix :- It is a straight line along external magnetic field which joins all the centres of circular turns, 
called axis of helix. 


Radius of circular path :- Centripetal force required to move the charge in a circle is provided by the 
magnetic force Fp = Eo 


2 ; 
. . > m(v sin 0) r= mv sin® 
q (vsin0) Bsin90° = EN — E 


Time period of circular motion :- 


2nr h mv sin 8 
gb , Where r= CB 
2n í(mvsinO T= 2nm 
= ; — ~ 
vsin® qB qB 


Pitch of helix (p) :- The linear distance travelled by the charge particle in one revolution or in one time 
period along external magnetic field direction is called 'pitch of helix’. 


2mm b= 2mmvcos0 
p = (vcos0)T , where T = qB => -B 


Lorentz Force on Moving Charge (F,) 


When a charge is moving in a region, where both electric field E and magnetic field B exist, then electric 
and magnetic forces are acting on it. The resultant of these forces called electromagnetic or Lorentz force 
on charge. (zero gravity) 


Fi = F, + FR, ij = gE + q(V x B) 
Motion of Charge in Uniform Transverse Limited Magnetic Field (; | B) 


A uniform magnetic field of width 'd' shown in figure. 


Initial direction of 
motion of charge 


Opposite plate I 


[em | 


d uniform, 


| V 
SSE) 6 By 


A charge (q,m) is projected from field free region to field region in such a way that its velocity (v) is 
perpendicular to the magnetic field (B). The charge deflected from its initial direction of motion and trace 
a part of circle according to following conditions :- 


(a) | Charge does not strike to the opposite plate and completes the semi circle — r«d 
(D | Charge does not strike to the opposite plate and just completes the semi circle = r =d 


(c) Charge strikes to the opposite plate and does not completes the semi circle — r»d 
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5.6 Cyclotron 


The cyclotron is a device which is used to accelerate the charge particles or ions to high energies. It was invented 
by E.O. Lawrence and M.S. Livingston in 1934. 


Principle :- When a charged particle or ion is made to move again and again in a high frequency electric 
field and strong magnetic field, it gets accelerated and aquires sufficiently large amount of energy. 


Construction :- It consists of two hollow D-shaped metallic chambers D, and D, called dees. These dees 
are separated by a small gap, where a source (P) of charged particles or ions is placed. Dees are connected 
to high frequency oscillator, which provides high frequency electric field across the gap of the dees. This 
arrangement is placed between the two poles of a strong electromagnet. The magnetic field due to this 
electromagnet is perpendicular to the plane of the dees. 


Working : A charge particle of mass 'm' and charge 'q moves at right angle to the magnetic field 'B' inside 
the dees. 


(i) ^ Radius of circular path traversed by the charge :- 


_ mv 


pu 
qB 


(ii) ^ Time taken by the charge to complete the semi circle :— 


(mm 
qB 


This shows that time taken by the charge to complete any semi circle is same. 


(iii) ^ The time period of alternating electric field is 'T'. The polarities of dee will change after time 'T/2'. 
The charge will be accelerated if :— 


T Tm E T. 2m 
Jg t- qB (Resonance condition) > qB 


(iv) The frequency of alternating electric field :- 


(v) Maximum kinetic energy gained by the charge : 


2p2 
qB |; 
(Ex )max. | dm = where fmax. is radius of the longest semi circle described by the ion. 


(vi) Total energy aquired by the charge during 'N' complete revolution : 


Er 2 2NqV |, where V is potential difference to which the charge is subjected every time it 


enters a dee. This energy must be equal to the maximum kinetic energy of charge : 


B?q*r2 B'qr? 
- max N - max 
2NqV ie cum > 4Vm 


Limitations of Cyclotron :- 
(i) . Cyclotron is not used to accelerate uncharged particles like neutron. 


(ii) ^ Cyclotron is not used to accelerates electrons because they have very small mass. 
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GOLDEN KEY POINTS 


The force F, is always perpendicular to both the velocity 9 and the field B 


A charged particle at rest in a steady magnetic field does not experience any force. 

If the charged particle is at rest then G=0, so ;xB-0 

A moving charged particle does not experience any force in a magnetic field if its motion is parallel 
or antiparallel to the field. 


8-0* F, F, 
qe——v > 
~B NS B B 
V«— ——e( O 6 - fe) 90° "i 
0-180? P q V E q 
F,,—0 (min) ^ . F,2qvBsin0 ^ — F,2qvB (max) 
(A) (B) (C) 


If the particle is moving perpendicular to the field. In this situation all the three vectors P, and 
B are mutually perpendicular to each other. Then sin 0 = max = 1, ie., 0 = 90°, 


The force will be maximum F, = qv B 

Work done by force due to magnetic field in motion of a charged particle is always zero. 

When a charged particle move in a magnetic field, then force acts on it is always perpendicular to 
displacement, so the work done,W - [F.ds = [Fds cos 90°=0 (as 0 = 90%, 


And as by work-energy theorem W = A KE, the kinetic energy [=}mv*| remains unchanged and 


hence speed of charged particle v remains constant. 
However, in this situation the force changes the direction of motion, so the direction of velocity y of the 


charged particle changes continuously. 


Illustrations 


Illustration 17. 


A charge q = -4 uC has an instantaneous velocity 7 = (21 - 3j +k) x106ms'in a uniform magnetic field 
B - (214 5j -3k)x10?T . What is the force on the charge ? 


Solution We know F=q (v x B) 


=>  F=(-4x10%)[(2i-3} +k)x10° x (21 5j - 35) x 107] 
=> F=-(-16)+32j+64k)x10?N 
=> F=-16(i+2j}+4k)x10°N 


Illustration 18. 


A beam of protons is deflected sideways. Could this deflection be caused by 


(i) a magnetic field (ii) an electric field? If either possible, what would be the difference? 


Solution 


Yes, the moving charged particle (e.g. proton, a-particles etc.) may be deflected sideway either by an 

electric or by a magnetic field. 

(i) The force exerted by a magnetic field on the moving charged particle is always perpendicular 
to direction of motion, so that no work is done on the particle by this magnetic force. That 
is the magnetic field simply deflects the particle and does not increases its kinetic energy. 

(ii) ^ The force exerted by electric field on the charged particle at rest or in motion is always along 
the direction of field and the kinetic energy of the particle changes. 
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Illustration 19. 


C 
A neutron, a proton, an electron an a-particle enter a region of constant x x x x 
B 
magnetic field with equal velocities. The magnetic field is along the inwards AY * 
E x x 


normal to the plane of the paper. The tracks of the particles are shown in 


fig. Relate the tracks to the particles. 


Solution 
Force on a charged particle in magnetic field F=q (ọ xB) 
For neutron q=0, F=0 hence it will pass undeflected i.e., tracks C corresponds to neutron. 
If the particle is negatively charged, i.e. electron. F = —e(v x B) 


It will experience a force to the right; so track D corresponds to electron. 


If the charge on particle is positive. It will experience a force to the left; so both tracks A and B 
corresponds to positively charged particles (i.e., protons and a-particles). When motion of charged particle 
perpendicular to the magnetic field the path is a circle with radius 


my ; m m 4m : m m m m 
r- CB ie. roc— andas | —| 2| —— | while = > > 
q q q/, \2e q^ e q^, \q 


So r >r, = track B to a-particle and A corresponds to proton. 


Illustration 20. 


An electron emitted by a heated cathode and accelerated through a potential difference of 2.0 kV enters 
a region with uniform magnetic field of 0.15 T. Determine the radius of the trajectory of the electron 
if the field is — 


(a) Transverse to its initial velocity(b) Makes an angle of 30° with the initial velocity 


[Given : m, = 9 x 107?! kg] 


Solution 
i od [2eV _ |2x16x10 7x2x10* 8 ij / 
g mv" =e => Vv = <— 9x10 31 =3 X m/s 
, mv — 9x10?! x (8/3) x 107 
(a) Radius r, = qi isso sos. 103 m = 1mm 
mv sino 


ll 


(b) Radius rs = r,sinü -1xsin30? =1 x 


qB 
Illustration 21. 


A particle of mass m and charge q is projected into a region having a perpendicular uniform magnetic field 
B of width d. Find the angle of deviation 0 of the particle as it comes out of the magnetic field. 


Solution 


mv 
The radius of the circular orbit is r = B 


The deviation 0 may be obtained from the fig. as 


d dB dB 
sinĝ = EGO Or 0 = s 2) 
r mv mv 
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10. 


11. 


12. 


BEGINNER'S BOX-5 


A test charge 1-6 x 10-19 Cb is moving with velocity V =(2i + 3j) m/sec is a magnetic field B = (21 + 3}) 


Wb/m2. The magnetic force on the test charge :- 
(1) 6&T (2) (41+6))T (3) (4163) x 10° T iseto 


A charge with 10-11 Cb and 10-7 kg mass moving with a velocity of 108 m/sec along x-axis. A uniform 
static magnetic field of 0-5T is acting along the y-axis. The magnetic force (magnitude and direction) 


on charge :- 

(1) zero (2) 5 x 10-4N, along z-axis 

(3) 5 x 104 N, along x-axis (4) 5 x 10-4 N, along y-axis 

A 2MeV proton is moving perpendicular to uniform magnetic field of 2-5T. The magnetic force on 
the proton :- 

(1) 8 x 10-12 N (2) 4 x 10-12 N (3) 16 x 10-12 N (4) 2 x 10-12 N 


An electron is moving at 106 m/sec in a direction parallel to a current 


of 5A flowing through an infinite long straight wire separated by a 
perpendicular distance of 10cm in air. Magnetic force experienced by the I X 


d hi (Instantanceous) 
electron ETE (q; m) 
(1) 1.6 x 10-19 N (2) 1.6 x 10-29 N 
(3) 1.6 x 10-18 N (4) 1.6 x 10721 N 


Three charge proton, deutron and o-particle are projected in uniform transverse magnetic field, then find 
ratio of their radii of circular tracks respectively, if their — 


(a) v > same (b) P + same (c) Eg — same (d) V... — same 


Three charge proton, deutron and a-particle are projected in uniform transverse magnetic field in such a 
way that their radii of circular tracks are equal then find their following ratio respectively :- 


(a) v ratio (b) P > ratio (c) E, — ratio (d) V... — ratio 


A proton and an electron are projected in uniform transverse magnetic field, then trajectory of which charge 
is more curved or deflection of which charge is more from its initial direction of motion, if their 


(a) v — same (b) P — same (c) Eg — same (d) V... — same 

Three charge proton, deutron and a-particle are projected in uniform transverse magnetic field then find 
ratio of following parameters of circular motion respectively. 

(a) Time period (b) Frequency (c) Angular frequency 

A beam of proton moving with velocity 4 x 10? m/sec enters in a uniform magnetic field of 0.3 T at an 


angle of 60? to the magnetic field. Calculate radius of helical path and pitch of helix. 


A proton is projected with a speed of 2 x 10° m/sec at an angle of 60° to the x-axis. If a uniform magnetic 
field of 0.104T is applied along y axis. Calculate radius of helix and time period of proton. 


A charge projected in uniform magnetic field at angle 30? to the field direction. The time period of circular 
motion of helical path is 'T'. If angle of projection becomes 60? then what is the new time period. 


If a charge projected in a zero gravity region. Find possible cases of electric and magnetic field in that region 
so no net force exerts on charge. 


(a) E=0,B=0 (b) E=0,Bz#0 c) E#0,B #0 (dd E+0,B=0 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


If a projected charge passes through a zero gravity region without change in its velocity, then find possible 
cases of electric and magnetic field in that region 


(a) E=0,B =0 (b) E= 0, B #0 () Ez0, B #0 (d E20, B2 0 

If a projected charge passes through a zero gravity region, remains undeviated or undeflected, then find 
possible cases of electric field and magnetic field in that region 

(a) E=0,B =0 (b) E=0,B#0 () E+ 0,B #0 (d Ez0, B20 

If a projected charge passes through a zero gravity region, its speed may be constant, then find possible 
cases of electric and magnetic field in that region 

(a) E=0,B =0 (b) E= 0, B #0 () E+0,B #0 (d E#0,B=0 

In a region a uniform magnetic field acts in horizontal plane towards north. If cosmic particles 
(80% protons) falling vertically downwards, then they are deflected towards- 

(1) North (2) South (3) East (4) West 


An electron is moving along +x direction. To get it moving along an anticlockwise circular path in 
x-y plane, magnetic field applied along :- 


(1) +y-direction (2) +z-direction 
(3) -y-direction (4) -z-direction 
A magnetic field is applied at perpendicular to the axis of cylinderical Cathode H E rays 


discharge tube then cathode and positive rays deflected in — 


(1) Same direction. (2) Opposite direction. 


(3) Mutually perpendicular direction. (4) No deflection for both. Discharge tube 


There is a magnetic field acting in a plane perpendicular downwards. 


A particle in vacuum moves in the plane of paper from left to right as ERN 


shown in figure. The path indicated by the arrow could be due to — aay 
(1) Proton (2) Neutron 


(3) Electron (4) Alpha particle 

A proton is moving towards north along horizontal line passes through a zero gravity region, where electric 
and magnetic field are mutually perpendicular to each other. The path of particle remains undeviated or 
undeflected. If the direction of electric field is towards east then direction of magnetic field is 

(1) Towards east (2) Vertically downwards 

(3) Towards west (4) Vertically upwards 

A proton moving along z-axis with constant velocity. If a magnetic field is applied along x-axis then direction 
of magnetic force on proton 

(1) along z-axis (2) along y-axis (3) along x-axis (4) zero force 

A vertical wire carries a current in upward directon. If an electron beam sent horizontally towards the wire, 
then it will deflected 

(1) vertically downwards and perpendicular to the plane of the paper 


(2) 
(3) In the plane of the paper 
4) 


( 


A charge is released from rest in a region of steady and uniform electric and magnetic fields which are parallel 


vertically upwards and perpendicular to the plane of the paper 


No deflection 


to each other. The charge will moves along which path :- 


(1) Circular (2) Helical (3) Parabola (4) Straight line 
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6. CURRENT CARRYING CONDUCTOR IN MAGNETIC FIELD 


When a current carrying conductor placed in magnetic field, a magnetic force exerts on each free electron 
which are present inside the conductor. The resultant of these forces on all the free electrons is called magnetic 
force on conductor. 


e Magnetic force on current element 
Through experiments Ampere established that when current element Id? is placed in magnetic field B , it 


experiences a magnetic force dE, = [(d£ x B) 


Id? 
0 
— 
dF, B 
(external) 
e Current element in a magnetic field does not experience any force if the current in it is parallel or 
anti-parallel with the field 0-20? or 180? dF = 0 (min.) 
e Current element in a magnetic field experiences maximum force if the current in it is perpendicular with 
the field 6 = 90? dF = Bid? (max.) 
e Magnetic force on current element is always perpendicular to the current element vector and magnetic field 
> E =F aN 
vector. dF. Id? and dF, 1B (always) 
e Total magnetic force on straight current carrying conductor in uniform magnetic field is given as 


Pa = | dF, = fid? xB) = ijs ea > E, - IL x B) 


f LÀ 
Where [. = Í dé, vector sum of all length elements from initial to final point. 


i 


e Total magnetic force on arbitrary shape current carrying conductor in uniform magnetic field B is 
f f 
Ee [di el fa xB = IČ xB) 
i i 


I 


Initial Final 
Seer Ryo eee Geese point 


point a T b 
Fus 
Where [. = f dé, vector sum of all length elements from initial to final point or displacement between free 


ends of an arbitrary conducter from initial to final point. 


Magnetic force between two parallel current carrying conductors 


Like currents unlike currents 
1 2 1 2 
L4 Attraction TL L^ Repulsion yl 
B, B, dE; B, B, dF,, 
dF., dF,, 
PEE d-------- > +------- d-------- > 
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The net magnetic force acting on a current carrying conductor due to its own field is zero. So consider two 
infinite long parallel conductors separated by distence 'd' carrying currents I, and I,. 


Magnetic field at each point on conductor (ii) due to current I, is 


I 
B, - > =F [uniform field for conductor (2)] 


Magnetic field at each point on conductor (i) due to curent I, is 


I 
B, - ee [Uniform field for conductor (1)] 


consider a small element of length ‘dé’ on each conductor. These elements are right angle to the external 
magnetic field, so magnetic force experienced by elements of each conductor given as 


Lol 
dF,, = B, I, dé = E I, dé...) (Where I, d? L B) 


uol 
dF, = B, 1, de = E I, dé... (i) (Where I, d^ L Bj) 


Where dF,, is magnetic force on element of conductor (i), due field of conductor (i) and dF,, is magnetic 
force on element of conductor (ii), due to field of conductor (i). 


dF,, dF, Hol L 


Magnetic force per unit length of each conductor is dé = de = Ona 
Holl, , 211, 
f= pe N/m (in S.I.) f = d dyne/cm (In C.G.S.) 
LI 
Force scale f= a is applicable when at least one conductor must be of infinite length so it behaves 
like source of uniform magnetic field for other conductor. | 
Magnetic force on conductor 'LN' is Fp = fx. Ey- (ene) L I, / 
i ; 
Equillibrium of free wire kona Peers N | 


Case I : Upper wire is free : Consider a long horizontal wire which is rigidly fixed another wire is placed 
directly above and parallel to fixed wire. 


f, 
(Stable (free) . : < | ; Finite length (m,/) 
Equilibrium) i xg 
h 
(fixed) i I Infinite length 
op ez m— > : f Tm +00 
(Source) 
: : ; Hol; lo iis ae: . 
Magnetic force per unit length of free wire f, = uh and it is repulsive in nature because currents are unlike. 
x 


Free wire may remains suspended if the magnetic force per unit length is equal to weight of its unit length 


Holil m nta M 
> =— 9 (stable equillibrium condition) 


At balanced condition f. = W'. Weight per unit length of free wire = od 3 


If free wire is slightly displaced and released then it will executes S.H.M. in vertical plane. 


The time period of motion is T = 2x | 
g 
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Case II : Lower wire is free : Consider a long horizontal wire which is rigidly fixed. Another wire is placed 
directly below and parallel to the fixed wire. 


I, (Source) Infinite lenath 
-0 tx LJ m U maa too 
(fixed) 
d (depht) 
i f 
(Unstable (free) Y U ; Finite length (m,/) 
Equilibrium) 
Ag 
Moll, 


Magnetic force per unit length of free wire is f. = and it is attractive in nature because currents are 


2nd ' 
like. 
Free wire may remains suspended if the magnetic force per unit length is equal to weight of its unit length 
At balanced condition — f. = W' 
Hohl m 


Weight per unit length of free wire ond NES (unstable equillibrium condition) 


GOLDEN KEY POINTS 


A current carrying closed loop (or coil) of any shape placed in uniform magnetic 
field then no net magnetic force act on it (Torque may or may not be zero) 


i = [di =0 or $t =0 


So net magnetic force acting on a current carrying closed loop EE. =0 (always) 

When a current carrying closed loop (or coil) of any shape placed in non uniform magnetic field then net 

magnetic force and torque may or may not be zero. 

Definition of ampere : e» @ 

Magnetic force/unit length for both infinite length conductors given as 1A 1A 
Holl; (4xx107)(1)(1) 


f = end ^ 2n(1) = 2 x 107 N/m 


‘Ampere’ is the current which, when passed through each of two parallel infinite long straight conductors placed 
in free space at a distance of 1 m from each other, produces between them a force of 2 x 107 N/m 


Forces between two parallel moving charges 


Electric force between charges :- | | 
qı q2 
1 K—— r—1 

F, = — W2 (1) : 


e^ Ane, re 


Magnetic force between charges :— 


F 1 F 2 

Hod2v lm m V 
EF, = q1vB sav | = ugegV? , where uoe = = > T= _ 
T uiis : Anr? E g = có F, có 


where cq is velocity of light in vacuum 
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rias. 


Illustrations 


Illustration 22. 


A wire bent as shown in fig carries a current i and is placed in a uniform 
field of magnetic induction B that emerges from the plane of the figure. 


Calculate the force acting on the wire. 


Solution 


The total force on the whole wire is F_ =I! LIB = IR + 2R + R)B = 4RIB 


Illustration 23. 


2 E 
A square of side 2.0 m is placed in a uniform magnetic field B 2 2.0 Tina EUR. E X 
direction perpendicular to the plane of the square inwards. Equal current ^ " 
i = 3.0 A is flowing in the directions shown in figure. Find the magnitude x x 
of magnetic force on the loop. x^ x x Fx 


Solution 


Net force on the loop = 3 (F4, ) - Force on wire ACD = Force on AD = Force on AED 


=> F a = 3(i) (AD) (B) = (3) (3.0) (2 V2 2.0) N = 36 V2 N. Direction of this force is towards EC. 


ne 


BEGINNER'S BOX-6 


A wire of length 5 cm. is placed inside the solenoid near its centre such that it makes an angle of 30? 
with the axis of solenoid. The wire carries a current of 5A and the magnetic field due to solenoid is 
2.5 x 10? T. Magnetic force on the wire is :- 


(1) 3.12 x 10^ N (2) 31.2 x 10* N 

(3) 312 x 10^N (4) 0.312 x 10^ N 

A wire 'LN' bent as shown in figure is placed in uniform perpendicular 
magnetic field of 5T. A 10A current flows through the wire. Magnetic 


force experienced by the wire is :- 


(1) SN (2) 10N 
(3) 2.5 N (4) 1.25 N 
A wire ABCDEF with each side of length ' bent as shown in figure and 


carrying a current I. If it is placed in a uniform magnetic field B which is D 


parallel to +y direction. Magnetic force experienced by the wire is:- 


£ y 
-—" EEI B (uniform) 
(1) BIZ, along + z direction (2) BIZ, along -z direction E : “F 
E / 
(3) 2BIZ, along + z direction (4) 2BIZ, along -z direction 
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A current T is flowing through wire PQR. This wire is bent in form of an 


angle and placed is uniform magnetic field 'B' according to figure. 
If PQ=¢ and ZPQR = 60°. The ratio of magnetic forces on PQ 
to QR respectively:- 


(1) 1:2 (2) .f3 <2 (3) 2: V3 (4)1:1 


A current of 10A flows through two long parallel wires. The magnetic force on each wire is 2 x 103N/m. 
If their currents makes doubled and separation between them makes half then magnetic force per unit 
length of each wire becomes :- 


(1) 16 x 10° N/m (2) 8 x 10? N/m 

(3) 4 x 10? N/m (4) 32 x 10? N/m 

Three long straight wires, carrying currents are arranged according to figure. P Q R 
Magnetic force on 10cm part of the wire Q is :- 

(1) 16 x 10? N, towards right M = s 
(2) 16 x 10? N, towards right em V le m uy 


(3) 16 x 10° N, towards left 


(4) 16 x 10? N, towards left 


A rectangular loop ABCD is placed near on infinite length current carrying wire. Magnetic force on the 


loop is :- 

A B 1 

25A 15A 10cm 
: | 
5cm 25cm 
(source) 

(1) 1.25 x 10^ N, Attraction (2) 1.25 x 10^ N, Repulsion 
(3 12.5 x 10^ N, Repulsion (4) 12.5 x 10^N, Attraction 


A long horizontal wire ‘P’ which is rigidly fixed, carries a current 50A. An another wire ‘Q’ is placed 
directly above and parallel to ‘P’. The weight of wire Q is 0.075 N/m and carries a current of 25A. The 
position of wire 'Q' from P so that the wire 'Q' remains suspended due to magnetic repulsion :- 


(1) 33.3 mm (2) 0.33 mm (3) 333 mm (4) 3.33 mm 


A long horizontal wire is rigidly fixed and carries 100A current. An another wire of linear mass density 
2 x 10? kg/m placed below and parallel to the fixed wire. If the free wire kept 2cm below and hangs 


in air, then current in free wire is :- 


(1) 19.6 A (2 9.8A (3 4.9 A (4) 100 A 
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MAGNETIC DIPOLE MOMENT 


A magnetic dipole consists of a pair of magnetic poles of equal and opposite strength separated by small 
distance. Ex. magnetic needle, bar magnet, current carrying solenoid, current carrying coil or loop. 


Magnetic moment of Bar magnet :- 


Neutral point 


-m +m I >A 
Maaretic__| eR 
] , 7 > I 
axis S t N Cross sectional 


view 


The magnetic moment of a bar magnet is defined as a vector quantity having magnitude equal to the 
product of pole strength (m) with effective length (/) and directed along the axis of the magnet from south 
pole to north pole. 


It is an axial vector 
En > 
M = m/ 

S.I. unit :- A-m’ 


Magnetic moment of current carrying coil ( loop) 


Current carrying coil (or loop) behaves like magnetic dipole. The face of coil in which current appears to 
flow anticlockwise acts as north pole while face of coil in which current appears to flow clock wise acts 


Cis 


e A loop of geometrical area 'A', carries a current T then magentic moment of col M = IA 


as south pole. 


e A coil of turns 'N', geometrical area 'A', carries a current T then magentic moment M = NIA 


Magnetic moment of current carrying coil is an axial vector M = NIA where A is a area vector perpendicular 
to the plane of the coil and along its axis. SI unit : A-m? or J/T 


ACW 


CW 
© 
= 

MEg 


: 


Direction of M find out by right hand thumb rule 


e Curling fingers — In the direction of current 


e Thumb = Gives the direction of M 


For a current carrying coil, its magnetic moment and magnetic field vectors both are parallel axial vectors. 
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GOLDEN KEY POINTS 


Attractive property : A bar magnet attracts certain magnetic substances (eg. Iron dust). The attracting power of 
the bar magnet is maximum at two points near the ends called poles. So the attracting power of a bar magnet 
at its poles called 'pole strength’ 


The ‘pole strength’ of north and south pole of a bar magnet is conventionally represented by +m and -m 
respectively. 


The 'pole strength’ is a scalar quantity with S.I. unit A-m. 
The ‘pole strength' of bar magnet is directly proportional to its area of cross section. m œ A 
The attracting power of a bar magnet at its centre point is zero, so it is called neutral point’. 


Magnetic poles are always exists in pairs i.e. mono pole does not exist in magnetism. So Gauss law in magnetism 
given as fB- ds = 0 


Effective length or magnetic length :- It is distance between two poles along the axis of a bar magnet. As pole 


are not exactly at the ends, the effective length (/) is less than the geometrical length (¢,) of the bar magnet. 


Inverse square law (Coulomb law) : The magnetic force between two isolated magnetic poles of strength 
m, and m, lying at a distance 'r' is directly proportional to the product of pole strength and inversely proportional 
to the square of distance between their centres. The magnetic force between the poles can be attractive or 
repulsive according to the nature of the poles. 


F, cc mm; 


Ho (S1) 
F „=k a where k x 4n 
r 1(C.G.S)) 


m 


Fo 4 


= 


Inverse square law of Coulomb in magnetism is applicable only for two long bar magents becasue isolated poles 
cannot exist. 


Illustrations 


Illustration 24. 


Find the magnitude of magnetic moment of the current carrying loop ABCDEFA. Each side of the loop is 10 
cm long and current in the loop isi = 2.0 A 


Solution 


C D 
B E 
A F 
By assuming two equal and opposite currents in BE, two current C D 
carrying loops (ABEFA and BCDEB) are formed. Their magnetic 


moments are equal in magnitude but perpendicular to each other. T 47a E 
A 


Hence, M., = JM? 4 M? = J2M where M - iA = (2.0)(0.1)(0.1) = 0.02 A-m* 
=. = (42 (0.02) A-m? = 0.028 A-m? 
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Illustration 25. 


The wire loop PQRSP formed by joining two semicircular wires of radii R, and R, carries a current I as shown in fig. 
What is the magnetic induction at the centre O and magnetic moment of the loop in cases (A) and (B) ? 


As the point O is along the length of the straight wires, so the field at O due to them will be zero and hence. 


Solution 


- y 1 1 - l 52 l p2 1 
(A) B-tal e] & MaNA=1 x 1] 528! © zn o| -5n|Ri-RiJe 


(B) Following as in case (A), in this situation, B = Ho I E + E: G and, M= 1 afr? + Ri] [s 
4x |R, R, 2 


BEGINNER'S BOX-7 


1. Two/three/four identical bar magnets of magnetic moment 'M' are combined according to figure. Find 
net magnetic moment of the system. 


S M N S M N 
(a) : (b) ecd 
S MYN N M S 


(c) 


2. A bar magnet of magnetic moment 'M' is cuts into two equal parts in following two fashions (a) Parallel 
to its length (b) Perpendicular to its length, then what happens to the magnetic moment of each part. 


3. A straight steel wire of length '/' has a magnetic moment ‘M’. It is bent into various shapes shown in 
figure. Find out new magnetic moment of each shape. 


(d) 
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(a) 


(b) 


A square current carrying loop of side 'a' produced magnetic field at its centre is 'B'. Find magnetic moment 
of this loop in terms of 'B'. 

A wire of length '/' carries a current bent into various regular polygons shown below. Find magnetic moment 
in terms of length of the wire. 


(a) Equilateral triangle (b) Square (c) Regular hexagon (d) Circular loop 
| NO 23) 
EE a ms K— a—I 


A current carrying wire of length '/' is bent to form a circular coil of one turn. After that it is again bent 
to form a circular coil of two turns. Find ratio of magnetic moment of coils respectively. 


Circular coils of different turns are made by a constant length current carrying wire. Find number of turns 
in coil for its maximum magnetic moment. 


Two identical current carrying coils are concentrie and perpendicular to each other. If magnetic moment 
of each coil is 'M'. Find resultant magnetic moment of two coils. 


MAGNETIC DIPOLE IN MAGNETIC FIELD 


Torque on magnetic dipole 


T 


CW 


——> B=(uniform) 


Bar magnet 
t = force x perpendicular distance between force couple 
t = (mB) (/sin0) , where M = m4 


0 2 90? => t= MB (maximum) 


t = MBsin0 < 7 Vector form 2-2 Mx 


0-0?or 180° «20 (minimum) 


UJ 


Coil or Loop 


e) 


B(uniform) 


Plane of coil “a 


; 6 = 90° — t= BINA (maximum) 
t = BINAsin0 
020?or180?— r= 0 (minimum) 
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8.2 Moving Coil Galvanometer 
This is an instrument used for detection and masurement of small electric current. 


Principle : Its working in based on the fact that when a current PADALY 


carrying coil is placed in a magnetic field it experience a torque. 


t = NI(AxB) 

t = NIAB sina [in this case I-current through coil, " 
A = Area of coil, B = Magnetic field ned ‘sare 
N = no. of turns, a= 90° ] 

t = NIAB 


The restoring torque produced = C0 [0 = twist produced] 


deflecting torque = restoring torque; NIAB = C9 or I= Da 


NBA 


or I œ 0 it means, the deflection produced is proportional to the current flowing through the galvanometer. 


e Current Sensitivity (C.S.) 


Current sensitivity is defined as the deflection produced in the galvanometer when a unit current flows through 


it. 


0 NBA 
1 — — — (in radian/Ampere). 


C.S. = C 


e Voltage Sensitivity (V.S.) 


Voltage sensitivity is equal to the deflection per unit voltage applied across voltmeter. 


0 0 NBA . . 
V.S. = V IR CR (in radian/volt). 
e Advantage of a Moving Coil Galvanometer 
1. As the deflection of the coil is proportional to the current passed through it, so a linear scale can be 
used to measure the deflection. 
2. A moving coil galvanometer can be made highly sensitive by increasing N, B, A and decreasing C. 
3. As the coil is placed in a strong magnetic field of a powerful magnet, its deflection is not affected 
by external magnetic fields. This enables us to use the galvanometer in any position. 
4. As the coil is wound over a metallic frame, the eddy currents produced in the frame bring the coil 
to rest quickly. 
e Disadvantage of a Moving Coil Galvanometer 
1. The main disadvantage is that its sensitivity cannot be changed at will. 
2. All types of moving coil glavanometer are easily damaged by overloading. A current greater than that 


which the instrument is intended to measure will burn out its hair springs or suspension. 
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8.3 


8.4 


Work done in rotating a magnetic dipole 


Work done in rotating a dipole in a uniform magnetic field through small angle 'd0' 
dW = «.d0 = MBsin0d0 


So work done in rotating a dipole from angular position 0, to 0, with respect to the Magnetic field direction 
0; 05 : 
W= Ih dW - ia MBsin0d0 - MB(cos0, — cos0,) 


If magnetic dipole is rotated from field direction i.e. 0, = 0° to position 0,-0 
then work done is W, = MB (1 — cos0) = 2MB sin? 0/2 


Work done to rotate a dipole in a magnetic field is stored in the form of potential energy of magnetic dipole. 


Potential energy of magnetic dipole 


The potential energy of dipole defined as work done in rotating the dipole from a direction perpendicular 
to the given direction. U = W, - W,,.=> U = MB (1 - cos0) - MB = -MB cos, 


In vector form |U - -M.B 


GOLDEN KEY POINTS 


Torque on dipole is an axial vector and it is directed along axis of rotation of dipole. 


Tendency of torque on dipole is try to align the M in the direction of B or tries to makes the axis of dipole 


parallel to B or makes the plane of coil (or loop) perpendicular to B. 


F,4,-0 (no translatory motion) 
Dipole in uniform magnetic field e 


x may or may not be zero (decides by 0) 


F „may or may not be zero 
Dipole in non uniform magnetic field < 
t may or may not be zero (decides by0) 
When a current carrying coil (or loop) is placed in longitudinal magnetic field then maxmium torque acts on it. 


0 = 90° (M1B) > «,,, = MB = BINA 


ax 


When a current carrying coil (or loop) is placed in transverse magnetic field the no torque acts on it. 


0-0? (ilis) or 0 = 180° (M anti|B) >, = 9 


i 


When M and B are parallel (0 = 09, the dipole has minimum potential energy and it is in stable equillibrium. 
U = - MB (minimum) 


When M and B. are anti parallel (0 = 180°, the dipole has maximum potential energy and it is in unstable 


equillibrium. U = MB (maximum) 


When M and B are prpendicular to each other (0 = 90%, the dipole has potential energy U=0 and in this 
situation maximum torque acts on it hence no equillibrium. 
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Illustrations 
Illustration 26. 
A circular coil of 25 turns and radius 6.0 cm, carrying a current of 10 A, is suspended vertically in 
a uniform magnetic field of magnitude 1.2 T. The field lines run horizontally in the plane of the coil. 
Calculate the force and torque on coil due to the magnetic field. In which direction should a balancing 
torque be applied to prevent the coil from turning ? 


Solution 


Magnetic force F = (fat xB) 

For coil or close loop $di-0 so F.,| =0 a 
The torque x on a coil of any shape having N turns and 

current I in a magnetic field B is given by t = NIABsin0 

T = 25 x10 xn x6 x6 x 10*^x 1.2 x sin90° = 3.39 N 


The direction of 7 is vertically upwards. To prevent the coil from turning, 


an equal and opposite torque must be applied. 
Illustration 27. 


A uniform magnetic field of 5000 gauss is established along the positive z-direction. A rectangular 
loop of side 20 cm and 5 cm carries a current of 10 A is suspended in this magnetic field. What 
is the torque on the loop in the different cases shown in the following figures ? What is the force 
in each case ? Which case corresponds to stable equilibrium ? 


Z Z Z 
il I 3l Ir: 
O A O | Y O Y 
X (a) X (b) X (c) 
Z Z Z 
a il zl 
oL y 9 Y 9 
w0" 
X (d) (e) (f 


Solution 


Y. 


(a) Torque on loop, t=BIA sin0 
Here, 0290*; B=5000 gauss-5000x 10% tesla = 0.5 tesla 
I = 10 ampere, A=20 x 5cm?=100 x 10%=10? m? 
Now, t = 0.5 x 10x 10?25 x 10? Nm It is directed along -y-axis 
(b) Same as (a). 


(c) t=5 x 10? Nm along -x-direction 


e 


) t 25x10? N m at an angle of 240? with +x direction. 


e) t is zero. [:- Angle between plane of loop and direction of magnetic field is 90% 


~ å” a 


f «is zero. 
Resultant force is zero in each case. Case (e) corresponds to stable equilibrium. 
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rias. 


Illustration 28. 


A circular coil of 100 turns and having a radius of 0.05 m carries a current of 0.1 A. Calculate 
the work required to turn the coil in an external field of 1.5 T through 180° about an axis perpendicular 


to the magnetic field ? The plane of coil is initially at right angles to magnetic field. 
Solution 
Work done W = MB (cos0,-cos0,) =NIAB (cos0,-cos0,) 
= W = NInr?B (cos0,- cos0,) = 100 x 0.1 x 3.14 x (0.05)? x 1.5 (cos 0° -cosz) = 0.2355J 
Illustration 29. 
A bar magnet of magnetic moment 1.5 JT lies aligned with the direction of a uniform magnetic field of 0.22 T. 
(a) What is the amount of work required to turn the magnet so as to align its magnetic moment. 
(i) Normal to the field direction? (ii) Opposite to the field direction? 
(b What is the torque on the magnet in case (i) and (ii)? 
Solution 
Here, M = 15 JT’, B = 022 T. 
(a) P.E. with magnetic moment aligned to field = - MB 
P.E. with magnetic moment normal to field = 0 
P.E. with magnetic moment antiparallel to field = + MB 


(i) Work done = increase in P.E. = 0 - (-MB) = MB = 15 x 0.22 = 0.33 J. 


(i) ^ Work done = increase in P.E. = MB - (-MB) = 2MB = 2 x 1.5 x 0.22 = 0.66 J. 
(b) We have t = MBsinO 
(i) t = MB sind = 1.5 x 0.22 x 1 = 0.33 J. (0-90? —sin0-1) 
This torque will tend to align M with B. 
(ii) +t = MB sind = 1.5 x 0.22 x 0=0(6 =180° = sin0-0) 
Illustration 30. 


A short bar magnet of magnetic moment 0.32 J/T is placed in uniform field of 0.15 T. If the bar 
is free to rotate in plane of field then which orientation would correspond to its (i) stable and (ii) unstable 
equilibrium? What is potential energy of magnet in each case? 


Solution 


(i) If M is parallel to B then 0=0°. So potential energy U = U „ = - MB 


min 


U,, = -MB = -0.32 x 0.15 J= -4.8 x 10^ J (stable equilibrium) 


mi 


(ii) ^ If M is antiparallel to B then 0 = x So potential energy 


U = U,,, = + MB = + 0.32 x 0.15 = 48 x 10^ J (unstable equilibrium.) 
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10. 


BEGINNER'S BOX-8 


When a magnetic needle placed in non uniform field the needle may experierces a :- 

(1) Force (2) Torque 

(3) Force and torque (4) No force and no torque 

A magnet of magnetic moment 50i A-m? placed along x-axis. Where magnetic field is 
B = (0.51 + 3.05) tesla. The torque acting on magnet is :— 

(1) 175 k N-m (2) 150 k N-m (3) 75 k N-m (4) 25437 k N-m 

A coil of 100 turns kept in magnetic field B=0.2T, carries a current of 2A as shown in figure. Torque 


on coil and which side of coil comes out from the plane of the paper :- 
<8 cm——» 


(1) 0.16 N-m, BC side comes out from plane of paper A f B 
(2) 0.16 N-m, AD side comes out from plane of paper N 10cm S 
(3) 0.32 N, BC side comes out from plane of paper | 

D C 


(4) 0.32 N-m, AD side comes out from plane of paper 
Four wires each of length 2.0 m, are bent in four loop P,Q,R and S then suspended in uniform magnetic 
field. All loop carries equal currents, which statement of the following is true : 


1) Couple acting on the loop P is greatest. 


) Couple acting on the loop Q is greatest. 

S 
) Couple acting on the loop R is greatest P Q R 
) 


( 
( 
(3 
( Couple acting on the loop S is greatest. 

A current carrying wire is bent to form a circular coil. If this coil is placed in any other magnetic field then for 
maximum torque on the coil, the number of turns will be - 

(1)1 (2) 2 (3) 4 (4) 8 

A magnet of magnetic moment 4A-m* is held in a uniform magnetic field 5 x 10“T with the magnetic 
moment vector makes an angle 30? with the field. Work done in increasing the angle from 30? to 45°%:- 
(1) 3.2 x 10^ J (2) 1.6 x 10 J (3) 1.6 x 10? J (4) 3.2 x 10? J 

A magnetic needle laying parallel to the magnetic field requires W units of work to turn it through 60°. 
Torque needed to maintain the needle in this position :- 


(1) W B J8W a > TEE 


A bar magnet has a magnetic moment 2.5 A-m? and it is placed in a magnetic field of 0.2T. Calculate the Work 
done in turning the magnet from parallel to antiparallel position relative to the field direction:- 

(1) 0.1J (2) 1J (3) 2J (4) 5J 

A circular coil of ‘N’ turns, ‘R’ radius carries a ‘i? current. Work done in rotating this coil in an external 
magnetic field from 0, = 0? to 0, = 90? :- 


“D2 :D2 
EN B (3) „NIRB (4) VERE B 


A short bar magnet placed with its axis at 30° with uniform magnetic field of 0.16T, experiences a torque 


(1) 2rNiR?B (2) 


of magnitude 0.032 N-m. The potential energy of bar magnet in stable equillibrium and in unstable equillibrium 


respectively :- 
(1) -0.064 J, + 0.064 J (2) -0.032 J, + 0.032 J 
(3) -0.016 J, + 0.016 J (4) zero, zero 

a 
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Bohr 


ATOMIC MAGNETISM 


An atomic orbital electron, which is performing bounded uniform circular motion around nucleus. A current 
constitues with this orbital motion and hence orbit behaves like current carrying loop. Due to this, magnetic 
field is produced at nucleus position. This phenomenon called as ‘atomic magnetism’. 


Bohr's postulates : 


mv? kze? 


h 
(i) n ET (i) L = mvr = n>) , Where n = 1, 2,3 ....... 


`~ 
`~ 
`a, 


Basic elements of atomic magnetism : 
I(current) 


(a) Orbital current :- | = ef 
(0) | Magnetic induction at nucleus position :- As circular orbit behaves like current 


carrying loop, so magnetic induction at nucleus position B, = Hol 
2r 


Hoef Hoe — Hoev — oeo 
N 2r 2Tr 4m 4ar 


(c) Magnetic moment of circular orbit :- Magnetic dipole moment of circular orbit 


mer’ ev eor 
T 2 2 


M = IA where A is area of circular orbit. M = ef (nr?) = 


Relation between magnetic moment and angular momentum of orbital electron 


er m eL 
Magnetic moment M = —-x— -—— (-angular momentum L = mvr) 
2 m 2m 
E + I(current) 
- -—eL 
Vector form M = = Cat) 
2m 
= ee e y H 
For orbital electron its M and L both are antiparallel axial vectors. iM 


magneton (u) 


According of Bohr's theory, angular momentum of orbital electron is given by 


nh 
L= UE where n = 1, 2, 3 ........ and h is plank's constant. 
eL eh 
M ti t of orbital elect is gi M = — = 
agnetic moment of orbital electron is given by om cae 


eh "nm 
e If n = 1 then M = dans which is Bohr magneton denoted by up 


e Definition of y, : 


Bohr magneton can be defined as the magnetic moment of orbital electron which revolves in first orbit 
of an atom. 


eh — 16x10? x 66 x 10-4 
° B= dam 7 4x314x 91x10?! 


= 0.923 x 105 Am? 
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Basic elements of atomic magnetism for first orbit of H-atom (n=1, z = 1) 
(a) Accurate form :- (v = 2.18 x 106 m/sec, f = 6.6 x 10% cy/sec. r = 0.529A) 
e Orbital current I = 0.96 mA 
e Magnetic induction at nucleus position B, = 12.8 T 
e Magnetic moment of orbital electron M = 0.923 x 10? Am? 
(D ^ Simple form :- (v = 2 x 10° m/sec, f = 6 x 10"cy/sec, r = 0.5À) 
° Orbital current I = 1mA 
° Magnetic induction at nucleus position B, = 4nT 
e Magnetic moment of orbital electron M = p, Am? 


A nonconducting charged body is rotated with some angular speed :- 


In this case the ratio of magnetic moment and angular momentum is constant which is equal to ae 


2m 


here q = charge and m = the mass of the body. 

Example 

In case of a ring, of mass m, radius R and charge q distributed on it circumference. 
Angular momentum L = Fo = (mR?)(c) ... (i) [here I* = Moment of Inertia] 


Magnetic moment M = iA = (qf) (nR?) 


ud 


- 2. From Egg. (i) and (ii) 
2n 


Although this expression is derived for simple case of a ring, it holds good for other bodies also. For example, for 


w >M a(I* o) 


a disc or a sphere. M = 


, where L = I* œ 


2m 
ql*a 
R.B.Name Moment of Inertia (I*) M = aaa 
1 2 
Ring mR? pee 
mR? 1 2 
i —— —qoR 
Disc 2 4 q 
2 1 2 
Solid sphere — mR? =qoR 
5 5 
hell : R? l R? 
sp. she 3 m a 
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Magnetic moment and angular momentum of an orbital electron are 'M' and L respectively. Specefic charge 


of orbital electon :- 


M 2M L 2L 
(ar (2) + (3) a () xc 


A particle of charge 'q' and mass 'm' is moving in a circular orbit with angular speed 'œ'. The ratio of 


its magnetic moment to that of its angular momentum depends on :- 


(1) œ, q (2) @,q,m (3) q,m (4) œm 
Magnetic moment of orbital electron in first orbit is u, then magnetic moment of that electron in third 
orbit :- 
u 
(1) uj Gr (3) 3p, (4) 9u, 


A helium nucleus is moving in a circular path of radius 0.8m. If it takes 2 sec to complete one revolution. 


Magnetic field produced at the centre of the circle :- 


10-P? 2x10 !? 
T (3) 2x 1079 T (4) ————T 
Ho Ho 


(1) x10” T (2) 


10. GEO-MAGNETISM (By Dr. Willium Gilbert) 


The branch of physics which deals with the study of earth's magnetic field is called geomagnetism. 


Geographical North pole 
I 
Magnetic north pole Geographical axis or axis 
l of rotation or polar axis 


Geographical 
equator 


Magnetic 


equator Magnetic 


<i 
south pole 
Geographical 
south pole I 


I Magnetic axis 


10.1 Important Definitions 


(a) 


(b) 
(c) 


Geographic axis : It is a straight line which passes through the geographical poles of the earth. It 


is also called axis of rotation or polar axis of the earth. 


Geographic Meridian (GM) : It is a vertical plane which passes through geographical axis of the earth. 
Geographic equator : It is a great circle on the surface of the earth, in a plane perpendicular to the 
geographic axis. All the points on the geographic equator are at equal distance from the geographic poles. 
A great plane which passes through geographic equator and perpendicular to the geographic axis called 
geographic equatorial plane. This plane cuts the earth in two equal parts, a part has geographic 


north called northen hemisphere (NHS) and another part has geographic south called southern 


hemisphere (SHS). 
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(d) 


(e) 


(f) 


Magnetic axis : It is a straight line which passes through magnetic poles of the earth. It is inclined to 


the geographic axis at nearly 11.3°. 

Magnetic Meridian (MM) : 

(i) It isa vertical plane which passes through magnetic axis of the 
earth. 

(ii) Ata particular place it is a vertical plane, which passes through 
axis of free suspended bar magnet or magetic needle. 

(ii) At a particular place it is a vertical plane, which contains all 


the field lines of earth's magnetic field. 


Magnetic equator : It is a great circle on the surface of the earth, in a plane perpendicular to the 


magnetic axis. All the points on the magnetic equator are at equal distance from the magnetic poles. 


10.2 Main Elements of Earth's Magnetic Field 


Angle of declination (4) 


At a given place the acute angle between geographic meridian and the 


magnetic meridian is called angle of declination, i.e. at a given place it 


is the angle between the geographical north-south direction and 


the direction indicated by a magnetic compass needle in its equillibrium. 


Angle of dip (0) 


(i) 


(ii) 


Note : 


At a given place it is the angle which the direction of resultant 
magnetic field of the earth subtends with respect to horizontal in 
magnetic meridian. 

At a given place it is the angle which the axis of freely suspended 
magnetic needle subtends with the horizontal in magnetic 


meridian. 


(This figure is for NHS) 


In NHS, north pole of freely suspended magnetic needle will dip downwards i.e. towards the earth surface. 


In SHS, south pole of freely suspended magnetic needle will dip downwards i.e. towards the earth surface. 


Dip circle : Angle of dip is measured by the instrument called 'Dip-circle' in which a magnetic needle is 


free to rotate in vertical plane about horizontal axis. The ends of the needle move over a vertical scale graduated 


in degree. 


vernier catt 


spirit level 


Field 
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Horizontal component of earth's magnetic field (B,,) 


At a given place horizontal component of earth magnetic field is the component of resultant magnetic field 
of the earth along the horizontal line in magnetic meridian. 


B, = Bcos0 andB,-BsinO wa. (1) 
h Bs and B= (BE oR? 2 
so that tan 0 = B, an = JB +B — aeee (2) 
B, = O (min) 


Note 1: At magnetic poles — 0 = 90° ee 
By = B (max) (fully) 


B, = B (max) (fully) 


At magnetic equator >0 = 0° 
linc By = O (min) 

Note 2 : $ decides the plane in which magnetic field lies at any place, ($) and (0) decides the direction of 

magnetic field and (8) and (B,,) decides the magnitude of the field. 


Apparent angle of Dip (8,) 


11. APPLICATIONS OF GEO-MAGNETISM (BASED ON B,,) 


11.1 Tangent Galvanometer 


If the dip circle is not kept in the magnetic meridian, 


Basina B 
the needle will not show the correct direction of earth's Aire H M, 
magnetic field. ü 
The angle made by the needle with horizontal is called 
the apparent dip for this plane. 
Magnetic 

If dip circle is at an angle a to the meridian, needle 
the effective horizontal component in this Magnetic 

meridian 


plane is B, cosa. 


B, | tan0 


Thus tan0, = 
B,cosa cosa 


...(1) 


where 0, represent apparent dip angle. 


Now if the dip circle is rotated through an angle 90° for this position. It will make angle (90 - a) with the 
meridian, lets this time apparent dip is 0', 


tanO tanO 
Th tan0', = x ...(2 
us tanya cos(90-a) sina (2) 
2 2 


as sina + cos“a = 1 


> cot?0, + cot?! = cot?0 
Thus, one can get the true dip angle 0, without locating the magnetic meridian. 


It is an instrument which can detect/measure electric d.c. currents. 
It is also called moving magnet type galvanometer. 
Principle :- It is based on ‘tangent law’. 


Construction :- (i) It consists of a circular coil of a large number of 
turns of insulated copper wire wound over a vertical circular frame. 


(ii) A small magnetic compass needle is pivoted at the centre of vertical 
circular coil. This needle can rotate freely in a horizontal plane. 
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Tangent law :- If a current is passed through the vertical coil, then magnetic field produced at its centre is 
perpendicular to the horizontal component of earth's magnetic field since coil is in magnetic meridian. So in 


the effect of two crossed fields (Bj, | Bj) compass needle comes in equilibrium according to tangent law. 
Torque on needle due to (Bj) - t, = MBjsin(90-0) 
Torque on needle due to (B,,) - t, = MB, sino 


At equilibrium condition of needle net torque on it is zero 


Ty 15 =O ; Dt elty! 
MB,sin(90-0) = MB, sin0 > Bocos0 = B,,sin® 

sinO E . : 
B, = By ae Bo = By tan0 |, where B,, = Bcos0 , 0 — angle of dip. 


The electric current is proportional to the tangent of the angle of deflection. 


uN F ( 2B,,R) 
OR -B,tanü > I= [ 


Bo = By tan@ => 


2B,R 
I = K tan , where K = EE called reduction factor of tangent galvanometer. So for this galvanometer 
0 


I <tan 0 
The reduction factor of a tangent galvanometer is numerically equal to the current required to produce a 
deflection of 45° in it. 


60 = 45° = I = K tan(459 > I-K 
SI unit of 'K' > ampere 


Sensitivity and accuracy of tangent galvanometer is maximum when the deflection is > 0 = 45° 


11.2 Vibration Magnetometer 


It is an instrument used to compare the horizontal component of 
magnetic field of earth of two different places, to compare magnetic 
fields and magnetic moments of two bar magnets. It is also called 
oscillation magnetometer. 


Principle : This device works on the principle, that whenever a freely 


suspended bar magnet in earth horizontal magnetic field component 
(B,,) is slightly disturbed from its equilibrium position then, it will 
experience a torque and execute angular S.H.M. (Rotation is possible 
only in horizontal plane.) 

Angular S.H.M of magnetic dipole :- When a dipole is suspended in a. uniform magnetic field it will 
align itself parallel to field. Now if it is given a small angular displacement 0 with respect to its equilibrium 
position. The restoring torque acts on it. :- 


t =- MB, sin 0 > I a = - MB, sin 0 
la = - MB,0, (- sin 0 = 0) 
MB, 
= = MB 
I (-0) — 2 E 
a = o? (-0) 
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The time period of angular S.H.M. is given by :- 


2n I 
ge T=2n 
a = MB, 


T 


where : 

M : magnetic moment of bar magnet 

I : moment of inertia of bar magnet about its geomagnetic axis 
Comparision of magnetic moments of magnets of the same size 


Let the two magnets of same size have moment of inertia I and magnetic moments M, and M,. Suspend 
these two given magnets one by one in the metal stirrup of the vibration magnetometer and note the time 
period in each case. 


I I T; M» M, T 
DS E Peer 2L [om Z1 
Then |^ MB and T, -2z MB, Dividing, T, ^YM, 9 |M, T? 


1~H 


M 
By knowing T, and T, the ratio ve can be determined. 


2 
Comparision of magnetic moments of magnets of different sizes 
Let the two magnets have moments of inertia I, and I, and magnetic moments M, and M, respectively. 
Place these two given magnets one upon the other as shown in Fig. (a). This combination is called sum 
combination. It has moment of inertia (I,  L) and magnetic moment (M, + M,). Put this combination 
in the magnetometer and set it into oscillations. The time period of combination T, is determined. 


(a) Sum combination 


(I, +I) 


T, = 2n (M, +M,)B, ....(1) 


1 


Now, the two magnets are placed as shown in Fig. (b). This combination is called ‘difference combination’. 
It has moment of inertia (I, + I,) and magnetic moment (M;- M,). This combination is put in the magnetometer 
and its time period T, is determined. 


T, = 2n (M, -M,)B,, ...(2) 
T M; -M2 
Dividing, T x M+M; [from equation (1) and (2)] 
By knowing T, and T,, we can determine Mr, 
2 
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e Comparision of earth's magnetic field at two different places 
Let the vibrating magnet have moment of inertia I and magnetic moment M. Let it be vibrated at places, 


where earth's magnetic field is Bu, and Bu, 


| I | I 
Then, T; = 2n MB, and T, 2 2 MBu, 


T, and T, are determined by placing magnetometer at two different places, one by one. 


T, By T2 B T? B,cos0 
nod: — _ zo Il -a H, laa 2 
Dividing, T, 7 By T2 Ba TZ  B,cos0, 


Bi T cos 05 
Bə  T?cos0, 


B 
By knowing T,, T, and 0}, 0, the ratio B, can be determined. 


Illustrations 
Illustration 31. 
Answer the following questions regarding earth's magnetism : 


(a) The angle of dip at a location in southern India is about 18°. Would you expect a greater or smaller 
dip angle in Britain ? 


(D If you made a map of magnetic field lines at Melbourne in Australia. would the lines seem to go into 
the ground or come out of the ground ? 


(c) | A compass needle free to move in horizontal plane. In which direction it would stay, if located right 
on the geomagnetic north or south pole ? 


(d The earth's magnetic field varies from point to point in space. Does it also change with time? If so, 
on what time scale does it change appreciably? 


(e The earth may have even reversed the direction of its field several times during its history of 4 to 5 
billion years. How can geologists know about the earth's field in such distant past? 


Solution 
(a) Greater in Britain (it is about 709), because Britain is closer to the magnetic north pole. 
(D Field lines of B due to the earth's magnetism would seem to come out of the ground. 
(c) It will remain in any direction in horizontal plane. 


(d) ^ Yes, it does change with time. Time scale for appreciable change is roughly a few hundred years. But 
even on a much smaller scale of a few years, its variations are not completely negligible. 


(e) Earth's magnetic field gets weakly 'recorded' in certain rocks during solidification. Analysis of this rock 
magnetism offers clues to geomagnetic history. 
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Illustration 32. 


The horizontal component of the earth's magnetic field at a certain place is 3 x 10? T and the direction 
of the field is from the geographic south to the geographic north. A very long straight conductor is carrying 
a steady current of 1 A. What is the force per unit length on it when it is placed on a horizontal table and 
the direction of the current is 


(a) east to west; (b) south to north ? 


Solution : 
F=I/xB or F = I/Bsino 


(a) | When the current is flowing from east to west, 0 = 90° 
Hence, F = B = (1A)(1m)(3x10°T) 


The direction of the force is downwards. This direction may be obtained either by Fleming's left hand 
rule or the directional property of cross product of vectors. 


(b) | When the current is flowing from south to north, 0 = 0° = => F = 0 
Hence no force per unit length is exerted on the conductor. 
Illustration 33. 


A magnetic needle, pivoted about the horizontal axis, and free to move in the magnetic meridian, is observed 
to point along the 


(a) vertical direction at a place A (b) horizontal direction at a place B 
Give the value of the angle of dip at these two places. 
Solution 
(a) Angle of dip at A is 90? (b) Angle of dip at B is 0° 
Illustration 34. 


A tangent galvanometer has a coil of 50 turns and a radius of 20 cm, the horizontal component of the earth's 
magnetic field is B} = 3 x 10° T. Find the current which gives a deflection of 45°. 


Solution : 


. 2RB,, 2x(0.20m)x (3x10?T) 
- - tanü - tan45? 20.19A . 
We have i = Ktan0 UN an Anxi0"TmAdxBg 2" 
BEGINNER'S BOX-10 
1. A cell of an emf of 2V and internal resistance of 0.5 Q is sending current through a tangent galvanometer 


of resistance 4.56. If another external resistance of 95 Q is introduced, the deflection of galvanometer 
is 45°. Raduction factor of galvanometer is :- 


(1) 0.02 A (2) 0.01A (3) 0.04 A (4) 0.05 A 

2. Two tangent galvanometers A and B connected in series to a d. c. source have their number of turns 
in the ratio 1 : 3 and diameters in the ratio 1 : 2 of their coils which is correct for reduction factor 
and deflection of both galvanometers. 


(1) K, < Ky, 0, > 6, (2K,-K,0,-0, (3) K, > Ky, 0, < Op (4) K, > Ky 0,» 0, 
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3. The time period of a freely suspended bar magnet does not depends on :- 
(1) The length of the magnet (2) The pole strength of the magnet 
(3) The horizontal component of the earth's magnetic field (4) The length of the suspension fibre 
4. For a vibration magnetometer, the time period of freely suspended bar magnet can be reduced by:- 
(1) Moving it towards south pole (2) Moving it towards north pole 
(3) Moving it towards equator (4) None 


5. A bar magnet is freely suspended in such a way that, when it oscillates in the horizontal plane. It makes 
20 oscillations per minute at a place, where dip angle is 30° and 15 oscillations per minute at a place, 
where dip angle is 60°. Ratio of total earth's magnetic field at these two places :- 


(1) 9/3 :16 (2) 9 : V3 (3) V3 : 16 (4) 16 : 943 


6. Magnetic moments of two identical bar magnets are M and 2M respectively. Both are combined in such 
a way that their simmilar poles are together. The time period in this situation is 'T,'. If polrity of one 
of the magnet is reversed then its period becomes 'T,' then :- 


(1) T, cT, 2 T <T, (3) T =T, (4) None of these 


7. Time period of thin bar magnet of vibration magnetometer is 'T'. If it cuts into two equal parts in then the 
time period of each part fashions. 


(a) Along or parallel to its length (b) Perpendicular to its length, 
(1) T,T (2) T,T/2 (3) T/2, T (4) T/2, T/2 
11.3 Neutral Point 
It is a point where net magnetic field is zero. 


At this point magnetic field of bar magnet or current carrying coil or current carrying wire is just neutralised 
by horizontal component of earth magnetic field (B, j). 


A compass needle placed at neutral point then it may set itself in any direction. 
Location of Neutral Points : 
(a) When N-pole of magnet directed towards North :- 


Two neutral points symmetrically located on equatorial 
line of magnet. Let distance of each neutral point from 


-24--------Z 
| 
— 


no B|W. = -E 
centre of magnet is 'y' then N NP 20 
y 
Bea = Pu sH i l 
Beq. I Beq. 
> Bx M RB. (If y >>> 4 i 
4r y? S 
(b) When S-pole of magnet directed towards North :- D is 
NP 
Two neutral points symmetrically located on the axial line | zu 
of magnet. Let distance of each neutral point from centre h i 
of the magnet is x, then | . i T 
l 
B xis E By BA W -2 > ---E 9) 
| i 
Mo M m. Qi 1) N 
> FJ a= xX >>> 
4n x? H x 
|j. 
NP ; 
axis 
S 


New Delhi - 110074 
9810934436 , 8076575278 , 8700391727 


Í | Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 50 
E ER 


Illustrations 


Illustration 35. 


The earth's magnetic field at the equator is approximately 0.4 G. Estimate the earth's dipole moment. 


Solution 


HoM 
4rr? 


Equatorial magnetic field B, = 


Be (4nr?) 


Magnetic moment M = ji 
0 


where B, = 0.4G = 4 x 10?T, r= 6.4 x 1065 m 


4 x10? x (64 x 106)? 
- Ho / 4n 


4 x10?x(6.4 x 109»? 
1.04 x 1073 A-m? 


ll 


BEGINNER'S BOX-11 


1. 


The ratio of the magnetic field due to a small bar magnet in end on position to broad side on 


position is :- 


Dz 25 (3) 1 (4) 2 


The magnetic field at a point X on the axis of a small bar magnet is equal to the field at a point Y 
on the equator of the same magnet. The ratio of the distances of point X and Y from the centre of 
the magnet is :- 

(1) 2° (2) 2119 (3) 28 (4) 23 

If a wire in the earth's magnetic field carries a current vertically downwards , it is possible to obtain a neutral 
point :- 

(1) North of the wire (2) South of the wire (3) East of the wire (4) West of the wire 

A short bar magnet placed on the table along the north south line. Its north pole is directed towards 
geographic north then location of neutral points is :- 

(A) North (B) South (C) East (D) West 

(1) AandB (2) Cand D (3) A and D (4) B and C 

A short magnet of moment 6.75 A-m? produces neutral points on its axis. If the horizontal component of 
earth's magnetic field 5 x 105 Wb/m*, then the distance of the neutral points from the centre of magnet:- 
(1) 10 cm (2) 20 cm (3) 30 cm (4) 40 cm 

A straight wire carries current in vertical upward direction. A point ‘P’ lies just east of it at a small distance and 
another point ‘Q’ lies to the west just same distance. The magnetic field at these points :— 


(consider earth magnetic field) 


(1) B, » B, (2) B, «B; (3) B, = B, (4) None 
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12. MAGNETIC MATERIALS 
12.1 Important definations and Relations 
Magnetising field or Magnetic intensity (H) 
Field in which a material is placed for magnetisation, called as magnetising field. 


Magnetic field 
Permeability of free space 


Magnetising field prs - 
Ho 


Unit of H_ : ampere/meter 
Intensity of magnetisation (1) 
When a magnetic material is placed in magnetising field then induced dipole moment per unit volume of 


TE | 


V meter? 


ii MIA ter? 
Unit of I : Ampere/meter [p V ampere x meter 


Magnetic susceptibility (X) 


Xn = = [It is a scalar with no units & dimensions] 

Physically it represent the ease with which a magnetic material can be magnetised 
Note:- A material with more x, can be change into magnet easily. 

Magnetic permeability u 


Bin Total magnetic field inside the material 
H= H5 Magnetising field 


It measures the degree to which a magnetic material can be penetrated (or permeated) by the magnetic field lines 


Gilet | Bm _ Wb/m* _ Weber _ H-A H 
Teen mic p m A/m A-m A-m m 


[^ b = LI -. weber = henry - ampere] 


u 
Relative permeability y, = c (It has no units and dimensions.) 
0 


Relation between permeability & susceptibility 


When a magnetic material is placed in magnetic field B, for magnetisation then total magnetic field in material 


B, - B, +B,, where B, = induced field. 


"B.end: Heu © B =E + mI B.B4H + I) pA H/H) 


for vacuum X% „= 0, (^u = 1) 
at STP for Air X, = 0.04 (^ at S.T.P. for Air p, = 1.04) 
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12.2 Classification of Magnetic Materials 


On the basis of magnetic properties of the materials [as magnetisation intensity (I), Susceptibility ( X |.) and relative 
permeability (u,)] Faraday devide these materials in three classes — 


PROPERTIES DIAMAGNETIC PARAMAGNETIC FERROMAGNETIC 


Substance placed in | Poor magnetisation in | Poor magnetisation in | Strong magnetisation in 
uniform magnetic field. opposite direction. same direction. same direction. 
Here B, < Bo Here B, > Bo Here B,, >>> Bo 


= 


I — Small, negative, var- | I — Small, positive, varies | | _, very large, positive & 
ies linearly with field linearly with field varies non-linearly with 


field 


X „ -T curve X „ > small, negative & | X,, — small, positive & | X m— very large, positive 
m 
temperature independent | varies inversely with temp. | & temp. dependent 


I - H curve 


X Tt 1 Xin T T (Curie Weiss 


— (Curie I 
m T (Cutie Jaw) law) (for T > Tj) 


MK 


: ; megnetic moment which | megnetic moment which 
single atom permanent magnetic are randomly oriented. i 


moment (i.e. in absence of external | are organised in domains. 
magnetic field the 
magnetic moment of 
whole material is zero) 


X 


(To = Curie temperature) 


Telon) =770°C or 1043K 
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jr be. A 
e SG 
el 


PROPERTIES DIAMAGNETIC PARAMAGNETIC FERROMAGNETIC 


Behaviour of substance in 
Nonuniform magnetic field 


When rod of material is 
suspended between poles 
of magnet. 


Magnetic moment of 
substance in presence of 


external magnetic field 


Examples 


It moves from stronger to 
weaker magnetic field. 


Weak Field 


WC 


Strong field 


A | 
1 


Level depressed in 
that limb 


It becomes perpendicular 
to the direction of external 
magnetic field. 


Value M is very less and 


opposite to H. 


Bi, Cu, Ag, Pb, H,O, Hg, 
H,, He, Ne, Au, Zn, Sb, 
NaCl, Diamond.( May be 
found in solid, liquid or 
gas). 


It moves with weak force 
from weaker magnetic 


field to stronger magnetic 


Weak Field 


SE 


Strong field 


id | 
t 


Level slightly rises 


If there is strong magnetic 
field in between the poles 
then rod becomes parallel 
to the magnetic field. 


Value M is low but in 
direction of H. 


Na, K, Mg, Mn, Sn, 
Pt, Al, O, 


(May be found in solid, liq- 
uid or gas.) 
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Strongly attract from 
weaker 


magnetic field to stronger 
magnetic field. 


Weak Field 


ste 


Strong field 


Weak magnetic field be- 
tween magnetic poles can 
made rod parallel to field 
direction. 


M is very high and in 
direction of H. 


Fe,Co, Niall their alloys, 
Fe3O04 Gd, Alnico, etc. 


(Normally found only in 
solids) (crystalline solids) 


54 


12.3 Magnetic Hysteresis 


Only Ferromagnetic materials show magnetic hysteresis, when Ferromagnetic material is placed in external 
magnetic field for magnetisation then B increases with H non-linearly along Oa. If H is again bring to zero 
then it decreases along path ab. Due to lagging behind of B with H this curve is known as hysteresis curve. 


[Lagging of B behind H is called hysteresis] 


(+)ve saturation 


(-ve saturation 


Cause of hysteresis : 
By removing external magnetising field (H = 0), the magnetic moment of some domains remains aligned in 


the applied direction of previous magnetising field which results into a residual magnetism. 


Residual magnetism (ob) = B, =retentivity =remanence 


r 
Retentivity of a specimen is a measure of the magnetic field remaining in the ferromagnetic specimen when 
the magnetising field is removed. 

Coercivity (oc) : Coercivity is a measure of magnetising field required to destroy the residual magnetism of 


the ferromagnetic specimen. 


Ferromagnetic materials 


Soft magnetic materials Hard magnetic materials 
Low retentivity, low coercivity & High retentivity, high coercivity 
small hysteresis loss. and large hysteresis loss 
suitable for making electromagnets, suitable for permanent magnet 
cores of transformers etc. Ex. Soft iron, Ex. Steel, Alnico 


(used in magnetic shielding) 


^ 


| MTA 
P 


(i) The area of hystersis loop is equal to the energy loss per cycle per unit volume. 


12.4 Hysteresis loss 


Area of hysteresis loop = $B.dH = po$ 1I. dH 


(ii) ^ Its value is different for different materials. 
(iii) ^ The work done per cycle per unit volume of material is equal to the area of hysteresis loop. 


Ant 


V 
-. Total energy loss in material = W,, = VAnt Joule = J calorie 


i.e W,, = volume of material x area of hysteresis curve x frequency x time. 
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12.5 Magnetic shielding 
If a soft iron ring is placed in magnetic field, most of the lines are found to pass through the ring and no lines 
pass through the space inside the ring. The inside of the ring is thus protected against any external magnetic 
effect. This phenomenon is called magnetic screening or shielding and is used to protect costly wrist-watches 
and other instruments from external magnetic fields by enclosing them in a soft-iron case or box. 


Iron ring in a field Super conductor in a field 


Special Note :- 

(i) Super conductors also provide perfect magnetic screening due to exclusion of lines of force. This 
effect is called 'Meissner effect' 

(ii) Relative magnetic premeability of super conductor is zero. So we can say that super conductors 
behave like perfect dia-magnetic. 


12.6 Electromagnet 


— h Hkc 
As we know that a current carrying solenoid behaves like a —AAA Yer 
; ; Í N i had is] D 
bar magnet. If we place a soft iron rod in the solenoid, the L SENS Ad Lom ma 
| 1 T 
magnetism of the solenoid increases hundreds of times and el m 
the solenoid is called an 'electromagnet'. It is a temporary Jil ae el 4 | 
magnet. An electromagnet is made by winding closely a (a) t1 t 
number of turns of insulated copper wire over a soft iron Tok a pr. 
straight rod or a U shaped rod. On passing current through X Se g 


this solenoid, a magnetic field is produced in the space within 
the solenoid. 

Application of electromagnets: 

(i) Electromagnets are used in electric bell, electric lock, electric water valve, telephone diaphragms etc. 
(ii) In medical field they are used in extracting bullets from the human body. 


(iii) Large electromagnets are used in cranes for lifting and transferring big machines and parts. 


Illustrations 
Illustration 36. 
A solenoid of 500 turns/m is carrying a current of 3A. Relative permeability of core material of solenoid is 5000. 
Determine the magnitudes of the magnetic intensity, magnetization and the magnetic field inside the core. 
Solution : 
magnetic intensity H = ni 
= 500 mr! x 3A = 1500 Am! 
u = 1+ 4, ie., x = 5000-1 = 4999 
Hence, the magnetisation I = yH (y ~ 5000) 


= 7.5 x 106 Anr 
The magnetic field B = ug uH 
B= 5000 uH 
= 5000 x4r x 107 x 1500 = 9.4 T 
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Illustration 37. 


0.4 z 
Relation between permeability u and magnetising field H for a sample of iron is p = Gt +12x10 henery/ 
meter, where unit of H is A/m. Find value of H for which magnetic induction of 1.0 Wb/m? can be produce. 
Solution : 
Magnetic induction B = uH (For medium) 


l= ($2412 10) 


12x10% ~ 


1=04+12x10*H > H= 500 A/m 


Illustration 38. 


When a rod of magnetic material of size 10 cm x 0.5 cm x 0.2 cm is located in magnetising field of 
0.5 x 10^ A/m then a magnetic moment of 5 A-m? is induced in it. Find out magnetic induction in rod. 


Solition : 


Total magnetic induction B = puo (I + H) 


ll 
d 
gy 588 
<| z 
+ 
T 
hi N 1 
KW 
m 
<| z 
b cM A 


5 
= 4n x 107 s «0510 ) = 6.28 Wb/m? 


Illustration 39. 


A rod of magnetic material of cross section 0.25 cm? is located in 4000 A/m magnetising field. Magnetic 
flux passes through the rod is 25 x 10-6 Wb. Find out for rod 


(i) permeability (ii) magnetic susceptibility (iii) magnetisation 


Solution : 


() ^ Magnetic fl Dm ELSE TE 
i agnetic flux $ = >B = þțA = 025x104 ^ m 

B = uH "n = 2.25 x 10 Wb/A 

=H > BH 4000 779^?* "e 
T a eo, c 23 
1 4, = + Xm Xm = Hy F Ho 
"ae 25x10* 
do up be Axx107 = 199 - 1 = 198 


(i) ^ Magnetization I = y,, H = 198 x 4000 = 7.92 x 10° A/m 
Illustration 40. 


As the earth's core has NiFe. Yet geologists do not regard this as a source of the earth's magnetism. Why? 
Solution 


Temperature of earth's core is very high, at this temperature NiFe is found in molten state only, which has 
no magnetic property. 
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Illustration 41. 


Obtain the earth’s magnetisation. Assume that the earth’s field can be approximated by a giant bar magnet of magnetic 
moment 8.0 x 1022 Am?. The earth’s radius is 6400 km. 


Solution : 
The earth’s radius R = 6400 km. = 6.4 x 106 m. 


Magnetisation is the magnetic moment per unit volume. Hence, 


M 80 x 107? x 3 240 x 10* 
| 4ngs — Axnx(64x10°P — 4x2621 
3 


BEGINNER'S BOX-12 


1. Fill in the blanks 


= 72.9 Am}! 


(i) Diamagnetism is the ................... property of every material and it is generated due to mutual interaction 
between the applied magnetic field and .................. motion of electrons. 
2. Match the column I with column II - 
Column - I Column - II 

(A)  Paramagnetic substance (p) X,7-1 

(B) Diamagnetic substance (q) Xa <0 

(C) Super conductor (r) Xa >> 1 

(D) Ferromagnetic substance (s) u1 


3. | How the magnetic susceptability (Xm) of diamagnetic, paramagnetic and feromagnetic substances depends 
on temperature (T). 


4.  Asolenoid has 10? turns per unit length. On passing a current of 2A, magnetic induction is measured to 
be 4x Wb/m?. Calculate magnetic susceptibility of core. 


5.  Amagnetising field of 1600 A-m^! produces a magnetic flux of 3.14x 109 weber in a bar of iron of cross- 
section 0.2 cm? . Calculate permeability and susceptibility of the bar. 

6. A uniform magnetic field gets modified as shown below, when the specimans X and Y are placed in it. 
(a) Identify the two specimans X and Y 
(D ^ State the reason for the behaviour of the field lines in X and Y. 


7. | How will a dia., para. and a ferromagnetic material behave when kept in a non-uniform external magnetic 
field ? Give two examples of each of these materials. Name two main characteristics of a ferromagnetic material 
which help us to decide its suitability for making 


(a) a permanent magnet (b) an electromagnet. 


Which of these two characteristics should have high or low values for each of these two types of magnets? 
8. An iron rod of cross sectional area 4 cm’ is placed with its length parallel to a magnetising field 


1600 Am". The flux through the rod is 4 x 10“ weber. Find out permeability of the material of the rod ? 
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|__| BEGINNER'S BOX-1 | |__| BEGINNER'S BOX-5 | 


1. (2) 2. (3) 3. (4) 4.(2) | 1. (4) 2. (2) 3. (1) 4. (3) 
5. (1) 6. (2) 7. (4) 8.(1) | 5. (a) 1:2:2(0 2:2:1(0 1: 2:11: 42:42 
9. (1) 10. (2) 11. (3) 12. (3) | 6. (a) 2:1:1 ©) 1:1:2 (0 2:1:2 (0 2:1: 1 
13.(a) 2 (b)1 14. (a) 3 (b) 1 (c) 2 7. (a) C,«C, (b C,- C, (9 C <C, (d C,«C, 
(C = curvature) 
| | BEGINNER'S BOX-2 | | 
8.() 1:2:2 () 2:1:1 (o) 2:1:1 
1. (1) 2. (4) 3. (3) 4. (1) 9. 1.2 cm, 4.35 cm 
5. (1) 10. 0.1m, 6.28x 107 sec 
11. T 12. (a), (b) and (o) 
6.10) Fo) ot. @ M o LO —, 
13. (a), (b) and (o) 14. (a), (b), (c) and (d) 
15. (a), (b) and (c) 16. (3) 17. (2) 
Lol (9 b Hol |l 
iii. (a) oR (b) ® 18. (1) 19. (3) 20. (2) 21. (2) 
22. (2) 23. (4) 
ud (1,1 ug (1 1 
iv. (à) oR (s 1) IE Lo 
|_| BEGINNER'S BOX-6 | | 
al PN ud (4. 2 1. (2) 2. (1) 3. (1) 4. (4) 
v. (d SR (s«3]e (b) tal (1+2}@ 
5. (1) 6. (2) 7. (1) 8. (4) 
9. (1) 
Hol Hol 
vi. (a) BR (b) ?ag € 
|__| BEGINNER'S BOX-7 | | 
R 
ao) um = 150 1. (a) 2M, (b) Zero, ( c) J2 2 M, ( e) Zero, (f) 22M 
|__| BEGINNERSBOX3 | | |} 4M yM 
2 2 
1. (1) 2. (2) 3. (3) 4. (4) 
3 
B 
5. (3) 3. (a) qr (b) * (c) a dizeo X Am 
|_| BEGINNER'S BOX-4 | | "m B j 
5.) Jac. qr. Ie d E 
1. (a) True (b) True 2. B 3. 1T " 
6.2:1 7. One tun 8. /2M 
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iastan, 
b, 
i 


|_| BEGINNER'S BOX-8 |__| 4. 4999 
3 2. (2 3. (4 4. (4 
(2) (4) (4) 5. Permeability (u) = 9.8x 10+ mem 
(1) 6. (1) 7. (2) 8. (2) 
(3) 10. (1) Susceptibility (y,,) = 779.25 
6. (a) X — Dia-magnetic Y — Para-magnetic 
|_| BEGINNER'S BOX-9 | | 
(b) Magnetic permeability of dia-magentic speciman 
. (2) 2. (3) 3. (3) 4. (1) is slightly less than vacuum and magnetic per- 
meability of para-magnetic speciman is slightly 
aa BEGINNER'S BOX-10 e more than vacuum. 
7.  Diamagnetic : Moves (very weakly) away from 
1) 2. (3) 3. (4) 4. (3) strong field region towards the weak field region. 
4) 6. (2) 7.(2) Para magnetic : Moves (weakly) towards the 
strong field region. 
[ BEGINNER'S BOX-11 [—] Ferromagnetic : Moves (strongly) towards the 
strong field region. 
. (4) 2. (4) 3. (3) 4. (2) 
3) 6. (1) Two examples : Diamagnetic (Bismuth, Copper) 
Paramagnetic (Aluminium, Oxygen) 
Eg BEGINNER'S BOX-12 C] Ferromagnetic (Iron, Nickel) 
uU . Two charatertics of ferromagnetic materials : 
Intrinsic, orbital Coercivity and Retentivity 
As Bed ep Dar For Permanent Magnets : High Coercivity and High 
For diamagnetic y,, « T? Retentivity 
For Electromagnets : Low Coercivity and Low 
For paramagnetic y,, o T Retentivity 
For ferromagnetic x, o T l here T, — Curie 8. p = 0.625 x 10? Wb /A-m 
temperature 
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EXERCISE-I (Conceptual Questions) 


MAGNETIC FIELD & BIOT-SAVART LAW 6. A coil of one loop is made by a wire of length L 
1. A stationary magnet does not intereact with :- Spe oen OPIDO USED ISIN 
wire. The ratio of magnetic field at the centre of 
(1) iron rod (2) moving charge coils respectively :- 
(3) moving magnet (4) stationary charge (1)1:4 (21:1 (3)1:8 (44:1 
2. Following is square shape loop, whose one arm | 7, Magnetic field at point O will be :- 
BC produces magnetic field B at the centre of 
coil. The resultant magnetic field due to all the | 
arms will be :- 
O 
R. 
(1) 4B R 
(2) B/2 
(3) B 
(4) 2B 
(3) Half] = E Q (4) voll 4 E" 1 © 
3. A wire is parallel to one arm of a square current 2R T 2R 1 
carrying loop, which also carries current. Now | 8. The vector form of Biot savart law for a current 
at any point A within the coil the magnetic field carrying element is :- 
will be :- E 
= _ Ho idé sing 5 Ho id/ xf 
() dB = Ge @) a = qm 
| UE "E 
= _ Ho idéxr = _ Ho idéxr 
@ dB = pA a = I 
(1) less than the magnetic field produced due to 9. AandB are two concentric circular loop carrying 
loop only. current i; and i; as shown in figure. If ratio of their 
(2) more than the magnetic field produced due radii is 1:2 and ratio of the flux densities at the 
to loop only. centre O due to A and B is 1:3 then the value of 
(3) equal to the earlier. Z will ee 
2 
(4) zero 
4.  Acurrent of 10 A is established in a long wire along 
positive z -direction. The magnetic field B at the 
point (1m, 0, 0) is :- 
-y directi 1 1 1 1 
(1) 1 uT along the -y direction (1) ; (2) 3 (3) ) (4) = 
(2) 2uT along the +y direction 
10. For the given current distribution the magnetic field 
(3) 1uT along the -x direction at point, 'P' is :- 
(4) 2uT along the +x direction 
5. Radius of current carrying coil is 'R'. Then ratio 5A ep 2.5A 
of magnetic fields at the centre of the coil to the 2.5m 
axial point, which is R 43 distance away from the 5m 
centre of the coil :- 
Ho Ho Ho Ho 
(1:1 (01:2 (91:4 (98:1 4,9 GO ',e Boe Uo 
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11. 


12. 


13. 


14. 


15. 


1A current flows through an infinitely long straight | 16. When the current flowing in a circular coil is 
wire. The magnetic field produced at a point 1m. doubled and the number of turns of the coil in it 
away from it is :— is halved, the magnetic field at its centre will 
2 become :- 
(1) 2 x103 T (2 —T 
10 (1) Same (2) Four times 
(3) 2 x107 T (4) 2n x 106 T 
(3) Half (4) Double 
Two infinite long parallel wires carry equal currents 
in same direction. The magnetic field at a mid point 17. Which of the following statement is not true; 
in betaem the dao wre is = magnetic field at the centre of current carrying 
loop :- 
(1) Twice the magnetic field produced due to each 
of the wires (1) proportional to current 
(2) Half of the magnetic field produced due to each (2) inversely proportional to radius 
of the wires 
(3) proportional to number of turns 
(3) Square of the magnetic field produced due to 
each of the wires (4) none 
(4) Zero 18. A circular coil of radius R carries an electric current. 
The magnetic field due the coil at a point on the 
A closely wound flat circular coil of 25 turns of i . i 
. . i axis of the coil located at a distance r from the 
wire has diameter of 10 cm and carries a current : 
i . i center of the coil, such that r >> R varies as :- 
of 4 ampere. Determine the magnetic flux density 
at the centre of the coil :- (1) l/r (2) 1/532 
-5 -4 
3 1257 x10? T 4) 1.512 x 10$ T 
(3) a (4) a 19. Two concentric circular loops of radii 0-08m and 
x ampere current is flowing through a long 0-1m carries current such that magnetic field at 
straight wire. Due to this a field of 5 x 10° T the centre is zero. If the current in the outer loop 
produced, then distance of the point from the axis is 8A clockwise, current in the inner loop is :- 
of the wire is :- 
(1) 6-4 A anticlockwise (2) 6-4 A clockwise 
(1) 10^u, m (2) 1055, m 
(3) 8A anticlockwise (4) 3-2 A clockwise 
(3) 1064, m (4) 1055, m 
20. In the shown figure magnetic field at point A 
Radius of a current carrying coil is ‘R’. The ratio will be :- 
of magnetic field at a axial point which is R distance 
away from the centre of the coil to the magnetic 
field at the centre of the coil :- 
nu 1 
1) (5 (2) 5 
2 2 I I 
(1) Hot (2) Hot 
4n 4R 
1 I 
(a) 3 Ho 
4 (3) AxR (4) Zero 
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21. 


22. 


23. 


24. 


If radius of coil becomes two times and current | | AMPERE'S LAW 
becomes half then magnetic field at centre of the 
nM 25. For the hollow thin cylinderical current carrying 
coil will be :- 
pipe which statement is correct :- 
(1) Two times (2) Four times "EE . 
(1) magnetic field inside the pipe is not zero 
(3) Half (4) One fourth 
(2) magnetic field outside the pipe is zero 
2 A current is flowing in a circular loop of radius E E E A E diu sien x 
1m. Magnitude of magnetic field at the centre of (elpot Held outside Ne. pipe Ier 
circular loop will be :- (4) electric field on the surface of pipe is zero 
: ing | lenoid the fiel 
(1) e (2) 2u, (3) ug (4) 5 26. In a current carrying long solenoid the field 
B produced does not depend on :- 
A horizontal overhead powerline is at a height of (y uniber of trne per unit Enti 
4m from the ground and carries a current of 
100 A from east to west. The magnetic field di- (2) current is solenoid 
tly below it on th d is :- 
E ee ene ee (3) radius of cross section of the solenoid 
1) 2.5 x 107 T, thward 
a) X ic dcd (4) all of the above 
2) 5 x 10° T, northward 
ee CL 27. If length and number of turns becomes half for 
(3) 5 x 1075 T, southward a solenoid then value of magnetic field becomes:- 
(4) 2.5 x 1077 T, northward (1) twice (2) same 
The wire in the figure carries a current i and (3) half (4) one fourth 
ists of a circul f radius R and central 
Wr MD CM CR M 28. If number of turns and current become double 
n 
angle z rad, and two straight sections whose for any solenoid, then value of magnetic field 
extensions intersect the centre C of the arc. becomes :- 
The magnetic field B that the current (1) twice (2) same 
t iS :- 
produces atis (3) half (4) four times 
29. A current of 1/4x ampere is flowing through 
a toroid. It has 1000 number of turn per meter 
5 then value of magnetic field (in Wb/m?) along 
H its axis is :- 
QN (1) 107 (2) 10° 
C 
= i (3) 10% (4) 107 
(1) |B| = V! into the plane of the figure 
8R 30. Mean radius of a toroid is 10 cm and number 
(2) [Bl = Hoi cubat the plane of he foie of turns are 500. If current flowing through it 
8R is 0.1 ampere then value of magnetic field (in tesla) 
for toroid :- 
(3) |B| = Het into the plane of the figure 
82R (1) 10-2 (2) 10° 
(4) |B| = LL out of the plane of the figure (3) 107? (4) 10-4 
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31. A long solenoid has length L, average diameter | 35. Cathode rays are moving between the poles of a 
D and n layer of turns. Each layer contains N turns. magnet. Due to the effect of magnetic field of 
If current flowing through the solenoid is i the value magnet :- 
of magnetic field at the centre :- | N | 
(1) velocity of rays increases — 
— 
(1) Proportional to D 
(2) velocity of rays decreases | S | 
(2) Inversely proportional to D 
(3) rays deflected towards south pole 
(3) Does not depend on D 
(4) rays deflected in upward direction and 
(4) Proportional to L perpendicular to the plane of the paper 
32. A long solenoid carrying a current produces a 36.- Following charge hasanadimum teauency ol 
magnetic field B along its axis. If the current is e ; -— 
rotation in uniform transverse magnetic field :- 
doubled and the number of turns per cm is halved, 
the new value of the magnetic field is :- (1) a proton (2) an alpha particle 
(1) B/2 (2) B (3) an electron (4) a neutron 
(3) 2B (4) 4B 37. Which of the following particle will experiences 
33. Along solenoid having 200 turns/cm and carries marinum magnon torce; when projected n the 
carenti. Maneto Med at ite exis do same velocity perpendicular to a magnetic field :- 
; -2 2 ; ; 
6-28 x10 wb/m^*. An another solenoid having (1) electron (y proton 
having 100 turns/cm and carries = current, then 
3 (3) Het (4) Li** 
magnetic field at its axis will be :- 
38. When a and f rays are subjected to a magnetic 
-4 2 
SE dope pr MD field which is perpendicular to the direction of their 
(2) 1.05 x 10-2 Wo/m? motion, with their same speed. The curvature of 
path of both the particles are :- 
(3) 1.05 x 107? Wb/m? 
(1) equal (2) more for a particles 
(4) 1.05 x 10? Wb/m? 
(3) more for p particles (4) none 
MAGNETIC FORCE & MOVING CHARGE IN 
— 39. If an electron of velocity (21 + 3j) is subjected 
34. A proton and an alpha particle are separately to magnetic field of 4k, then its :— 
projected in a region where a uniform magnetic 
field exists. The initial velocities are perpendicular (a) path will change 
to the direction of magnetic field. If both the 
. ` . (b) speed does not change 
particles move along circles of equal radii, the 
ratio of momentum of proton to alpha particle (c) path must be circular 
(P,) 
UP, J = (d) momemtum is constant 
(1) 1 (2) 1/2 (1) a, b (2) All 
(3) 2 (4) 1/4 (3) a, b, c (4) none 
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40. 


41. 


42. 


43. 


44. 


45. 


Two identically charged particles A and B initially | 46. An electron having mass 'm' and kinetic energy E 
at rest, are accelerated by a common potential enter in uniform magnetic field B perpendicularly, 
differene V. They enters into a uniform transverse then its frequency of uniform circular motion will 
magnetic field B and describe a circular path of be :- 
radii r, and r, respectively then their mass ratio 
is :- (1) E (2) 2nm eB 2m 
l qVB eB 2rm eBE 
2 2 
(1) (= (2) G (3) B (4) a 47. In a mass spectrograph an ion A of mass number 
% n 5 h 24 and charge +e and an ion B of mass number 
An a-particle experiences a force of 3. 8410-14 N 22 and charge +2e are entered in transverse 
when its moves perpendicular to magnetic field of magnetic field with same velocity. The ratio of radii 
0.2 Wb/m? then speed of the a - particle is :- of their paths respectively :- 
(1) 6.0 x 10° m/sec (2) 5.0 x 10° m/sec 11 12 11 24 
DES (2) ii (3) 55 (4) i1 
(3) 1.2 x 106 m/sec (4) 3.8 x 106 m/sec 
If an electron enters a magnetic field with its | 48. A charge particle is moving in the direction of a 
velocity pointing in the same direction as the magnetic field. The magnetic force acting on the 
magnetic field then :— particle :- 
(1) the electron will turn towards right (1) is in the direction of its velocity 
(2) the electron will turn towards left (2) is in the direction opposite to its velocity 
(3) the velocity of the electron will increase (3) is perpendicular to its velocity 
(4) the velocity of the electron will remain (4) is zero 
unchanged 
49. An electron of kinetic energy of 7.2 x 10718 J is 
A charge having q/m equal to 10? C/kg and with revolving on circular path in magnetic field 
velocity 3 x 10? m/s enters into a uniform magnetic 9 x 10? Wb/m* then radius of its circular path 
field B = 0.3 tesla at an angle 30° with direction is:— 
of field. Then radius will be :- 
(1) 1.25 cm. (2) 2.5 m. 
(1) 0.01 cm (2) 0.5 cm (3) 1 cm (4) 2 cm 
(3) 2.5 cm. (4) 25.0 cm. 
When a charged particle enters in a uniform 
QU A doris 50. An electron moves with velocity v in uniform 
magnetic field its kinetic energy :- 
transverse magnetic field B on circular path of 
(1) remains constant (2) increases radius ‘r’, then e/m for it is :- 
(3) decreases (4) becomes zero B B vr 
Qi B= Br WF 
Two particles x and y have equal charges and 
possessing equal kinetic energy enter ina uniform 51. A proton, deutron and an a-particle are 
magnetic field and describe circular path of radius accelerated by same potential, enter in uniform 
of curvature r, and r, respectively. The ratio of their magnetic field perpendicularly. Ratio of radii of 
masses is :- circular path respectively :- 
1/2 2 (1) 1: V2 : V2 (2)2:2:1 
n n n Yo 
of) ef)" oF off 
2 2 2 1 (3) 1: 2:1 (4)1:1 1 
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52. 


53. 


54. 


55. 


A charged particle moves through a magnetic field 
in a direction perpendicular to it. Then the :- 


(1) speed of the particle remains unchanged 


(2) direction of motion of particle remains 
unchanged 


(3) acceleration of particle remains unchanged 
(4) velocity of particle remains unchanged 

A magnetic field :- 

(1) Always exerts a force on charged particle 
(2) Never exerts a force on charged particle 


(3) Exert a force, if the charged particle is moving 
across the magnetic field line 


(4) Exerts a force, if the charged particle is moving 
along the magnetic field line 


A proton and an a-particle moving with the same 
velocity and enter into a uniform magnetic field 
which is acting normal to the plane of their motion. 
The ratio of the radii of the circular paths described 
by the proton and a-particle respectively :- 


()1:2 (21:4 


(3) 1: 16 (4) 4:1 


A very long straight wire carries a current I. At the 
instant when a charge +Q at point P has velocity 


V, as shown, the magnetic force on the charge 


is :- 


(I)alongox fo $5 
P¥ pg x 


57. 


58. 


59. 


60. 


Cyclotron is used to accelerate :- 


(1) electrons (2) neutrons 


(3) positive ions (4) negative ions 
A charge 'qd moves in a region where electric field 
and magnetic field both exist, then force on it :- 


(1) q (xB) (2) qË +q xB) 


(3) qÉ « q(B x v) (4) qB « q(ÉxV) 


An electric field E and a magnetic field B applied 
on a proton which moves with velocity v, it goes 
undeflected through the region if :- 


(1) ELB 
(2) E is parallel to v and perpendicular to B 


(3) E, B and vall three mutually perpendicular to 
each other and v = E/B 


(4) E and B both are parallel but perpendicular to v 


In a region constant uniform electric and magnetic 
field is present. Both field are parallel. In this 
region a charge realeased from rest, then path 


of particle is :- 
(1) Circle (2) Helical 


(3) Straight line (4) Ellipse 


FORCE ON A CURRENT-CARRYING 
CONDUCTOR 


61. 


A wire PQ carries a current ï' is placed perpendicular 
to along wire XY carrying a current I. The direction 
of force on PQ will be:- 


(1) towards right 


Y 
(2) towards left P i Q 
(2) opposite to oy I I Pa > 
(3) upwards 
(3) along oy 
(4) downwards X 
(4) opposite to ox 62. A current carrying wire AC is placed in uniform 
LORENTZ FORCE & MOTION OF CHARGED transverse magnetic field then the force on wire 
PARTICALS IN B AC :- 
— (1) 3N 
56. In Thomson mass spectrograph E L B then the UON 
velocity of undeflected electron beam will be :— ae 
2 a (3) 6N 
lEI sa IBI E 
Oz OEB Og Op (4) 4N 
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63. 


64. 


65. 


66. 


67. 


68. 


Force exist on a current carrying wire which is 
placed in external magnetic field, due to :- 


(1) free electrons in wire 

(2) free positive ions in wire 
(3) (1) & (2) both 

(4) none 


A wire PQRST carrying current I = 5A is 
placed in uniform magnetic field B = 2T as 
shown in figure If the length of part QR = 4 cm 
and SR = 6 cm then the magnetic force on SR 
edge of the wire is :- 


(1) 0.4 N 
(2) 0.6 N 
(3) zero S ra 
(4) 6 N 


P, Q and R long parallel straight wires in air, 


carrying currents as shown. The direction of 


P Q) R 


resultant force on R is :- 2A| 4A 6A 


(1) towards left 


(2) towards right 


eise Pine 


(3) the same as that of current in Q 
(4) perpendicular to plane of paper 


Two parallel wires in free spece are 10 cm apart 
and each carries a current of 10 A in the same 
direction. The magnetic force per unit length of 
each wire is :- 


(1) 2 x 10 N, attractive (2) 2 x10*N, repulsive 
(3) 2 x 107 N, attractive (4) 2 x107N, repulsive 


Wire in the form of a right angle ABC, with 
AB=3cm and BC = 4cm, carries a current of 10A. 
There is a uniform magnetic field of 5T 
perpendicular to the plane of the wire. The force 


on the wire will be :- 


(1 1.5N (2 2.0N (3)2.5N (4) 3.5N 


When alternating current passes through a spring 


then it :- 
(1) Contracts (2) Expands 
(3) Oscillates (4) Unchange 


XY 


GNI, 
e d 
3l 


69. When direct current passed through a spring 


70. 


71. 


72. 


then it :- 
(1) Contracts (2) Expands 
(3) Vibrate (4) Unchange 


A rectangular loop carrying a current i,, is situated 
near a long straight wire carrying a steady current 
i». The wire is parallel to one of the sides of the 
loop and is in the plane of the loop as shown in 
the figure. Then the current loop will :— 


(1) move away from the wire i i, 
(2) move towards the wire. 

(3) remain stationary. 

(4) rotate about an axis parallel to the wire. 


A current carrying wire is arranged at any angle 


in an uniform magnetic field, then 
(1) only force acts on wire 

(2) only torque acts on wire 

(3) both 

(4) none 


Two parallel beams of positrons moving in the 


same direction will :- 

(1) Repel to each other 

(2) Will not interact with each other 
(3) Attract to each other 


(4) Be deflected normal to the plane containing 
the two beams 


CURRENT LOOP & MOVING COIL 
GALVANOMETER 


73. 


Due to the flow of current in a circular loop of 
radius R, the magnetic field produced at the centre 
of the loop is B. The manetic moment of the loop 
is :- 

(1) BR?/2 ny, (2) 2n BR?/u, 


(3) BR/2ny, (4) 2x BR?/u, 
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74. 


75. 


76. 


77. 


78. 


79. 


80. 


A circular loop has a radius of 5 cm. and it is | 81. An electron revolves with frequency 6.6 x101!°r.p.s. 
carrying a current of 0.1 A. its magnetic around nucleus in circular orbit of radius 
moment is :— 0.53 À of hydrogen atom, then magnetic field 
produced at centre of orbit is :- 
(1) 1.32 x 10^ amp-m? (2) 2.62 x107 amp-m? 
(1) 0.125 T (2) 1.25 T (3 12.5 T (4) 125 T 
(3) 5.25 x 10^ amp-m? (4) 7.85 x10 amp-m? 
82. A current loop of area 0.01m? and carrying a 
An electron is moving in a circle of radius ; s ; 
—" rat t 6.8 x 1015 current of 10A is held perpendicular to a magnetic 
pen odd i nC od field of 0. 1T, the torque in N-m acting on the 
revolution/sec. The equivalent current is U 
approximately :— l 
(1) 0 (2) 0.001 (3) 0.01 (4) 1.1 
(1) 5.1 x 103 A (2) 6.8 x10? A 
83. The magnetic moment (u) of a revolving electron 
(3 1.1 x103A (4) 2.2 x 103 A around the nucleus varies with principal quantum 
b z 
If number of turn, area and current through the RACE 
coil is given by n, A and i respectively then its (1) pocn (2) u oc 1/n 
magnetic moment will be :— 
(3) u « n? (4) u oc 1/n? 
ni 
(1) niA (2) n2iA (3) niA2 (4) VA 84. A current carrying coil is placed in a constant 
uniform magnetic field B. Torque is maximum on 
An electron is moving around a proton in an orbit this coil when plane of coil is :- 
of radius 1A and produces 16 Wb/m? of magnetic 
field at the centre, then find the angular velocity (1) perpendicular to B — (2) parallel to B 
Paec (3) at 45° to B (4) at 60° to B 
6 16 
(1) 20 z x 1079 rad/sec (2) 10 x 102° rad/sec 85. Magnetic field is parallel to the plane of coil then 
torque will be :- 
5 5 
(3) an * 1016 rad/sec (4) a 1016 rad/sec (1) Maximum (2) Minimum 
(3) Zero (4) None of these 
Current I is flowing in a conducting circular loop 
of radius R. It is kept in a magnetic field B which | "BAR MAGNET 
i jocis ow e x der OR the 86. The work done in rotating a magnet of magnetic 
spun AES ey geet moment M by an angle of 90° from the external 
(1) IRB (2 2nIRB (3) Zero (4) nIRB magnetic field direction is 'n' times the 
corresponding work done to turn it through an 
The unit of magnetic moment will be :- angle of 60°. Where 'n' gives by :- 
A T-m T-m (1) 1/2 (2) 2 (3) 1/4 (4) 1 
(1) — (2 Am? (3) A Ua 
m 87. Magnetic field lines produced by a bar magnet, 
cuts each other :— 
A current carrying coil behave like tiny magnet. 
If area of coil is A and magnetic moment is ‘M’ (1) At neutral points 
then current through the coil is :- (2) Near the poles of the magnets 
M A A? (3) At equatorial axis 
Ox Bg GM tu 
(4) Never intersects to each other 
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EARTH MAGNETIC FIELD 


88. 


89. 


90. 


91. 


92. 


If the angle of dip at two places are 30° and 45° 
respectively, then the ratio of horizontal 
component of earth's magnetic field at two places 
assuming magnitude of total magnetic field of earth 
is same, will be :- 


(1) 342 (21:42 43 01:2 


Two bar magnets having same geometry with 


(3) 1: 


magnetic moments M and 2M, are firstly placed in 
such a way that their similer poles are same side 
then its time period of osccilation is T,. Now the 
polarity of one of the magnet is reversed then time 
period of osccilation is T,, then :- 

T 


(1) T, « T, (2) T, - T, 
BT SE (4) T, = co 


2 


Magnetic field of earth is 0.3 gauss. A magnet 
oscillating with rate of 5 oscillation/min. How much 
the magnetic field of earth is increased, so the 
number of oscillations become 10 per min :- 


(1 0.3G (2)0.6G (3)0.9G  (4)1.2G 


A magnet makes 40 oscillations per minute at a 
place having magnetic field of 0.1 x 10-5 T. At 
another place, it takes 2.5 sec to complete one 
vibration. The value of earth's horizontal field at 


that place is :- 


(1) 0.25 x 1076 T (2) 0.36 x 1075 T 


(3) 0.66 x 1075 T (4) 1.2 x 10-6 T 


The magnetic needle of a tangent galvanometer 
is deflected at an angle 30°. The horizontal 
component of earth's magnetic field 
0.34 x 107^ T is along the plane of the coil. The 


mangeitc field of coil :- 
(1) 1.96 x 10^ T (2) 1.96 x 105 T 


(3) 1.96 x 10^ T (4) 1.96 x 105 T 


MAGNETIC PROPERTIES OF MATERIALS 


93. 


For protecting a magnetic needle it should be 


placed :- 
(1) in an iron box (2) in wooden box 


(3) in metallic box 


Gi 


(4) none of these 


rixas. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 
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Which of the following materials is repelled by an 
external magnetic field :- 
(1) Iron 
(3) Steel 


(2) Cobalt 
(4) Copper 


If a diamagnetic material is placed in a magnetic 
field, the flux density inside the material compared 


to that outside will be : 
(1) Slightly less (2) Slightly more 
(3) Very much more (4) Same 


To protect a sensitive instrument from external 
megnetic jerks, it should be placed in a container 
made of :- 


(1) Non magnetic substance 
(2) Diamagnetic substance 

(3) Paramagnetic substance 
(4) Ferromagnetic substance 


Substances in which the magnetic moment of a 


single atom is not zero, are known as :- 
(1) Diamagnetic (2) Ferromagnetic 
(3) Paramagnetic (4) (2) and (3) both 


Susceptibility of a magnetic substance is found to 
depend on temperature and the strength of the 


magnetising field. The material is a :- 
(1) Diamagnetic (2) Ferromagnetic 
(3) Paramagnetic (4) Superconductor 


Property possessed by only ferromagnetic 
substance is :- 


(1) Attracting magnetic substance 

(2) Hysteresis 

(3) Susceptibility independent of temperature 
(4) Directional property 


The hard ferromagnetic material is characterized 
by = 


(1) Narrow hysteresis loop 
(2) Broad hysteresis loop 
(3) High mechanically hardness, all over 


(4) Mechanically hard surface 
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101. 


102. 


103. 


104. 


105. 


106. 


107. 


The magnetic moment of paramagnetic materials 
is :- 

(1) Infinity (2) Zero 
(3) Constant but low (4) None of above 
The cause of paramagnetism is :- 

(1) Unparied electrons 

(2) Electron excess and spin motion of electrons 
(3) Paired electrons and orbital motion of electrons 
(4) Electrons and orbital motion of electrons 
The cause of diamagnetism is :- 

(1) Orbtital motion of electrons 

(2) Spin motion of electrons 

(3) Paired electrons 

(4) None of the above 

The magnetic moment of diamagnetic materials is :- 
(1) Infinity (2) Zero 
(3) 100 amp-m? (4) None of the above 


Which of the following statements is correct for 


diamagnetic materials :- 

(1)pn<1 

(2) x, is negative and low 

(3) y does not depend on temperature 
(4) All of the above 


The area of B-H loop for soft iron, as compared 


to that for steel is :- 
(1) More (2) Less 
(3) Equal (4) None of the above 


The liquid in the watch glass in the following 


D 


NE 


figure is - 
(1) Ferromagnetic 
(2) Paramagnetic 


(3) Diamagnetic 


108. Powerful permanent magnets are made of :- 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


(1) Cobalt (2) Aluminum 
(3) Tin-coal (4) Cobalt-steel 
Which of the following statements is correct for 


ferromagnetic material :- 


(1) These become diamagnetic at Curie 
temperature 


(2 These become paramagnetic at Curie 
temperature 


(3) Their magnetic susceptibility becomes zero at 
Curie temperature 


(4) Its magnetic perperties are explained on the 
basis of electron principle 


A material rod, when placed in a strong magnetic 
field, aligns itself at right angles to the magnetic 


field. The nature of material is :- 
(1) Diamagnetic (2) Paramagnetic 


(3) Ferromagnetic (4) Low ferromagnetic 


The relative permeability of air is :- 
(1) Zero (2) 1.04 (3) Infinity (4) 1 
If the magnetic susceptibility of a magnetic material 


is -0.004 then its nature will be :- 
(1) Diamagnetic (2) Paramagnetic 
(3) Ferromagnetic (4) Non magnetic 


The correct measure of magnetic hardness of a 
material is :- 

(1) Ramnant magnetism (2) Hysteresis loss 

(3) Coercivity (4) Curic temperature 


If the relative permeability of a material is 0.9999 
then its nature will be :- 


(1) Paramagnetic (2) Diamagnetic 


(3) Ferromagnetic (4) Non-magnetic 


The magnetic susceptibility of a paramagnetic 
material at -73°C is 0.0075 then its value at 
-173°C will be :- 


(1) 0.0045 (2) 0.0030 
(4) Nonmagnetic (3) 0.015 (4) 0.0075 
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116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


When a magnetic substance is heated, then it : 


(1) Becomes a strong magnet 

(2) Losses its magnetism 

(3) Does not effect the magnetism 
(4) Either (1) or (3) 

Diamagnetic substance are :- 

(1) Feebly attracted by magnets 
(2) Strongly attracted by magnets 
(3) Feebly repelled by magnets 

(4) Strongly repelled by magnets 


If a diamagnetic solution is poured into a U-tube 
and one arm of this U-tube placed between the poles 
of a strong magnet with the meniscus in a line with 
the field, then the level of the solution will :- 


(1) Rise (2) Fall 
(3) Oscillate slowly (4) Remain as such 
Magnetic permeability is maximum for : 

(1) Diamagnetic substance 

(2) Paramagnetic substance 

(3) Ferromagnetic substance 

(4) All of these 

Which one of the following is ferro-magnetic :- 


(1) Co (2) Zn (3) Hg (4) Pt 


For paramagnetic materials magnetic susceptibility 
is related with temperature as :- 


(1) « T? [2 < T! (Ss T^- (4) œT? 


According to Curie's law, the magnetic 
susceptibility of a substance at an absolute 
temperature T is proportional to :- 


(1) 1/T (2) T (3) 1/T? AT 

A diamagnetic material in a magnetic field moves 
(1) from stronger to the weaker parts of the field 
(2) from weaker to the stronger parts of the field 


(3) perpendicular to the field 


(4) in none of the above directions 


rixas. 
= 


124. 


125. 


126. 


127. 


128. 


129. 
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Diamagnetic substances characterise by :- 
(1) low and negative magnetic suceptibility 
(2) low and positive magnetic suceptibility 
(3) high and negative magnetic suceptibility 
(4) high and positive magnetic suceptibility 


Magnetic suceptibility of a diamagnetic substance 
varies with absolute temperature as :- 


(1) directly proportional to T 

(2) inversely proportional to T 

(3) remains unchanged with T 

(4) exponential decrease with T 

The material of permanent magnet has 
(1) High relentivity, low coercivity 

(2) Low retentivity, high coercivity 

(3) Low relentivity, low coercivity 

(4) High retentivity, high coercivity 
Hysteresis property is shown by :- 

(1) paramagnetic and diamagnetic 

(2) diamagnetic 

(3) paramagnetic 

(4) ferromagnetic 

Magnetic susceptibility of the following is : 
(1) negative for diamagnetic 

(2) positive for diamagnetic and paramagnetic 


(3) negative for diamagnetic and zero for 
paramagnetic 


(4) zero for paramagnetic and positive for 
ferromagnetic 


Which statement is true : 


(1) 


atomic magnetic dipole moment of diamagnet 
is zero 


(2) atomic magnetic dipole moment of para- 
magnet is zero 


(3) atomic magnetic dipole moment of ferro- 
magnet is zero 


(4) ferromagnet is demagnetised rapidly after 
moving in magnetising field. 
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130. Curie-Weiss law is obeyed by iron at a 132. Soft iron is used to make the core of transformer, 


temperature....... because of its : 
(1) Below Curie temperature (1) low coercivity and low retentivity 
(2) Above Curie temperature (2) low coercivity and high retentivity 
(3) At Curie temperature only (3) high coercivity and high retentivity 
(4) At all temperatures (4) high coercivity and low retentivity 
131. Ferromagnetic substance contain :- 133. Above curie temperature ferromagnetic substance 


converts into : 
(1) empty subshell 
ee eT (1) paramagnetic (2) diamagnetic 


(3) full fill subshell (3) ferromagnetic (4) non magnetic 


(4) f th 134. Relation between p, and y will be : 
none of these 


(Du-1-*7 (x-u-*1 
u 
(3) E (4) uox 


EXERCISE-I (Conceptual Questions) ANSWER KEY 
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Que. 
Que. 
Que. 
Que. 
Que. 
Que. 
Que. 
Que. 
Que. 


EXERCISE-II (Assertion & Reason) 


Directions for Assertion & Reason questions 


Target AIIMS 


These questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses. 


(A) If both Assertion & Reason are True & the Reason isa correct explanation of the Assertion. 
(B) _ If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion. 
(C) If Assertion is True but the Reason is False. 

(D) If both Assertion & Reasonare false. 


Assertion :- An electron and a proton is projected 
with equal momentum in uniform transverse 
magnetic field, then curvature of their paths is equal. 
Reason :- Mass of proton too much then mass 
of electron. 

(1) A (2) B (3) C (4) D 
Assertion :- Magnetic moment of toroid is zero. 
Reason :- Magnetic field outside the volume of 
current carrying toroid is zero. 

(1) A (2) B (3) C (4) D 
Assertion :- A current carrying wire is placed in 
magnetic field, then magnetic force may acts on it. 
Reason :- Free electrons and positive ions are 
in motion inside any current carrying wire. 

(1) A (2) B (3) C (4) D 
Assertion :- A current carrying toroid is freely 
suspended in uniform magnetic field then torque 
acts on it is always zero. 

Reason :- The magnetic moment of current 
carrying toroid is zero. 

(1) A (2) B (3) C (4) D 
Assertion :- Cyclotron is a accelerating device. 
Reason :- Neutrons can be accelerated by the 
cyclotron. 

(1) A (2) B (3) C (4) D 
Asseration :- If a charged particle is moving in 
perpendicular uniform magnetic field, its kinetic 
energy does not change 

Reason :- Velocity of charge particle is not 
changing in magnetic field 

(1) A (2) B (3) C (4) D 
Assertion :- Unlike charges are projected in 
opposite direction in transverse magnetic field, 
then they are deflected mutually opposite 
directions. 

Reason :- If velocity of two charge particles are 
in opposite direction in transverse magnetic field 
then force will be opposite direction. 


(1) A (2) B (3) C 


PA 
E ER 


(4) D 


10. 


11. 


12. 
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Assertion :- The basic difference between an 
electrostatics and a magnetic line of force is that 
former is discontinous and latter is continous or 
endless. 


Reason :- No electric lines of force exist inside 
a charged conducting body, but magnetic lines do 
exist inside a magnet 


(1) A (2) B (3) C (4) D 


Assertion :-In high latitudes one sees colourful 


curtains of light hanging down from high attitudes. 


Reason :- The high energy charged particles 
from the sun are deflected to polar regions by the 
[AIMS 2003] 


(4) D 


magnetic field of the earth. 
(1) A (2) B (3) C 


Assertion : A current element is a source of 
magnetic field. 


Reason : Amoving charge is a source of magnetic 
field. 


(1) A (2) B (3) C (4) D 


Assertion : The trajectory of neutron when it is 
projected perpendicular to an electric field is 
parabola. 


Reason : A moving charge entering parallel to 
the magnetic field lines moves in a circular path. 


(1) A (2) B (3) C (4) D 


Assertion : A linear solenoid carrying current is 
equivalent to a bar magnet 


Reason : The magnetic field lines due to current 
carrying solenoid resemble exactly with those of 
a bar magnet 


(1) A (2) B (3) C (4) D 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


Assertion : Various regular polygons formed by | 20. Assertion :- A magnet may levitated above a 
a constant length current carrying wire, then superconducting material 
tic i ti : ; 
e inde dis the ene idu aS Reason :- There is always repulsive force between 
when their number of sides increases. ; 
a diamagnet and a magnet that produces non 
Reason : A magnetic dipole placed in non uniform magnetic field 
uniform magnetic field, then torque acting on it 
is always zero. (1) A (2) B (3) C (4) D 
(1) A (2) B (3) C (4) D 21. Assertion :- Magnetic moment of helium atom 
Assertion :- A planar circular loop of area A and or 
current I is equivalent to magnetic dipole of dipole Reason :- All the electron are paired in helium 
moment M = IA atom orbitals. 
Reason :- At large distances, magnetic field of (1) A (2) B (3) C (4) D 
circular loop and magnetic dipole is same. 22. Assertion : Magnetic field of an atom is due to 
(1) A (2) B (3) C (4) D both, the orbital motion and spin motion of 
electron. 
Assertion :- Magnetic force between two charges f . 
. I h erten ihe elerii Reason : A moving charge particle produces 
is generally much smaller than the electric torce magnetic field. 
between them. 
(1) A (2) B (3) C (4) D 
Reason :- Speeds of charges are much smaller 
than the free-space speed of light. 23. Assertion : The ferromagnetic substance do not 
obey Curie's law. 
(1) A (2) B (3) C (4) D 
Assertion :- As a direct current passes through Reon n une pointa farromagnetic substance 
. . f start behaving as a paramagnetic substance. 
a thick metallic conductor, it produces magnetic 
field only outside the rod. (1) A (2) B (3) C (4) D 
Reason :- Current passes only along the surface | 24. Assertion : The properties of paramagnetic and 
of the conductor and not through the interior. ferromagnetic substance are not effected by 
QA ØB GC MD ded 
Reason : As temperature rises, the alignment of 
Assertion :- For Amperes law $ Bai = di, molecular magnets gradually increases. 
B also includes the contribution from current not (1) A (2) B (3) C (4) D 
enclosed by the loop. 25. Assertion : Soft iron is used as transformer core. 
R ¿=A i i 
; R Gua. harge Produces I RAQHOUE Reason : Soft iron has narrow hysteresis loop. 
field but no electric field 
(1) A (2) B (3) C (4) D (1) A (2) B (3)C (4) D 
Assertion :- The permanent magnetic moment | 26. Assertion : The susceptibility of diamagnetic 
of the atoms of a material is zero. The material materials does not depent upon temperature. 
M Reason : Every atom of a diamagnetic material is 
Reason :- Hard magnetic materials have high not a complete magnet in itself. 
retantivity high, coresivity and high hysteresis loss 
& are suitable for permanent magnet. (1) A (2) B (3)C (4) D 
(1) A (2) B (3) C (4) D 27. Assertion : For a perfectly diamagnetic substance 
Assertion :- ^ moving charged particle gets permeability is always one. 
energy from magnetic field. Reason : The ability of a material of permit the 
Reason :- Magnetic force works on moving passege of magnetic lines of force through it is 
charged particle. called magnetic permeability. 
(1) A (2) B (3) C (4) D (1) A (2) B (3) C (4) D 
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28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


Assertion : For making permanent magnets, steel 
is referred over soft iron. 
Reason : As retentivity of steel is smaller. 
(1)A (2) B (3) C (4) D 
Assertion : Diamagnetic materials can exhibit 
magnetism. [AIIMS 2006] 
Reason : Diamagnetic materials have permanent 
magnetic dipole moment. 
(1)A (2) B (3) C (4) D 
Assertion : Ferromagnetic substances attracts the 
external magnetic field lines 
Reason : Permeability of ferromagnetic substance 
is low 
(1)A (2) B (3) C (4) D 
Assertion :- We cannot think of a magnetic field 
configuration with three poles. 
Reason :- A bar magnet does exerts a torque 
on itself due to its own field. [AIIMS 2002] 
(1)A (2) B (3) C (4) D 
Assertion :- The true geographic north direction 
is found by using a compass needle. 
Reason :- The magnetic meridian of the earth is 
along the axis of rotation of the earth. 

[AIIMS 2004] 
(1)A (2) B (3) C (4) D 
Assertion : Magnetic poles are only mathematical 
assumptions having no real existence 
Reason : A charged particle is moved along a 
magnetic field line. The magnetic force on the 
particle is perpendicular to its velocity 
(1)A (2) B (3) C (4) D 
Assertion : A compass needle which is allowed 
to move in a horizontal plane is taken to a 
geomagnetic pole. It will stay in any direction 
Reason : At geomagnetic pole B,, = 0 
(1) A (2) B (3) C (4) D 
Assertion :- If a unit north pole rotates around 
a current carrying wire then work has to be done. 
Reason :- Magnetic field produced by current is 
always non-conservative in nature. 


(1) A (2) B (3) C (4) D 


EXERCISE-II(Assertion & Reason) 
Eo] ER SECRET ERST DOR | 9 |i10oļ|11[|12]13[|14|15) 
[Ans.| 2|2 |3 | 1 | 3 | 3 | 4/2 1,1 |4/|1,4 7h ,41 
[Que.| 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Assertion : Work done by magnetic field on a 
moving charge is zero. 

Reason : Force experienced by a moving charge 
in a magnetic field is may be zero. 
(1) A (2) B (3) C 


Assertion :- MnO, is ferromagnetic. 


(4) D 


Reason :- Domains are equally aligned in parallel 
and anti parallel direction. [AIIMS 2016] 


(1) A (2) B (3) C (4) D 
Assertion :- The direction of magnetic moment 
and orbital angular momentum are opposite to each 
[AIIMS 2016] 
Reason :- Electron is negatively charged. 

(1) A (2) B (3) C (4) D 
Assertion :- Ferromagnetic substance exhibits 
[AIMS 2018] 
Reason :- In the absence of external magnetic 


other for electron. 


spontaneous magnetisation. 


field, atomic dipoles of each domain are aligned in 
particular direction. 

(1)A (2) B (3) C (4) D 
Assertion :- In external magnetic field, kinetic 
energy of charge particle remains constant. 
Reason :- In external magnetic field velocity of 
charge remains constant. [AIIMS 2018] 
(1)A (2) B (3) C (4) D 
Assertion :- Magnetic susceptibility of diamagnetic 
[AIMS 2018] 
Reason :- Diamagnetic substance have unpaired 


substance is small negative. 


electron. 
(1) A (2) B (3) C (4) D 
Assertion :- Super conductors can be easily 


[AIMS 2018] 
susceptibility of 


levitated in strong magnetic field. 
Reason :- 
superconductor is extremely positive. 
(1) A (2) B (3) C 


Magnetic 


(4) D 


ANSWER KEY 


[Ans 4 | 3 |2 | 4 | 1 1|1]|2,4 1 |2 | 4 | 3 | 3 | 3 | 
|Que.| 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 
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